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                      I. INTRODUCTION.
 
  THE question of tho origin and history of the mesoderm, and its rela-
tion to the body cavity in the Mollusca, is one of prime interest and
importance.   The employment of the mollusk as the type of the
" Pseudocols " by the Hertwigs ('81) in their " Coelomtheorie" was
founded on the non-existence in mollusks of a true body cavity, the
mesenchymatous nature of the musculature, and the origin of the ner-
vous system, in part at least, from the mesoderm ; in a word, on thd
nature of the middle germ layer in its origin and later history. Since
the publication of this important work many additions have been made
to our knowledge of the Mollusca. There is a notable agreement among
later investigators, especially Schmidt ('90), Miss Henchman ('91), and
Erlanger ('91), as to the ectodermal origin of the nervous system
in this group. Studies in comparative anatomy, particularly of that
primitive group, the Solenogastres, have led to the general acceptance
of the view that the poricardium of the Mollusca is the homologue
of the ccelom of the " Enterocoels" of the Hertwigs.     This view is
based upon the relationship of the pericardium to both the sexual
and excretory systems, embryology however having lent little support
1 Contributions from the Zo6logical Laboratory of the Museum of Comparative
ZoSlogy at Harvard College, under the direction of E. L. Mark, No. XLVIII.
   voL. xxvi. - NO. 2.           8
 
 
I
 
�

 
 
 

[Begin Page: Page 36]
 
 
 

 
 
 
 
 
 



 
 
36         BULLETIN: MUSEUM OF COMPARATIVE ZOOLOGY.
 
to the view until the recent important work of R. von Erlanger
('91) upon Paludina, in which he demonstrates that the mesoderm
originates by a pair of ventral out-pocketings, and that there is
a close connection, though not continuity, of the paired fundaments of
the pericardium with these out-pocketings. As yet his results are iso-
lated, and the hope that a similar origin of the mesoderm might be found
in other Mollusca is unfulfilled, at least so far as other investigators
are concerned.
  The generally vague and often contradictory results obtained by vari-
ous investigators of molluscan embryology concerning the origin of the
mesoderm have made very apparent the need of careful and detailed
work along the lines laid down by Rabl ('79), Blochmann ('81), Wilson
('92), Conklin ('92), and Heymons ('93). It is only in the light of
such work as this that a classification of sweeping import, like that of
the Hertwigs' "Coelomtheorie," can find its final justification, if it
has one.
  It was with a view of adding something to our knowledge of the
details of this subject that the work in hand was undertaken.    The
pursuit of this has led me unavoidably into the study of the cleavage,
and to a certain extent into the field of cell lineage.
  Limax seemed for many reasons to be a desirable object for my inves-
tigation. The adults are readily procurable, and an abundant supply of
eggs whose age is approximately known can be obtained from animals
kept in confinement. The absence of a large amount of nutritive yolk
leaves the eggs sufficiently translucent for examination in toto, and
makes section-cutting feasible, though the smallness of the eggs renders
their orientation in certain stages difficult.
  My work was begun in the fall of 1892, at the suggestion of Dr.E. L.
Mark, to whose kindly interest and guidance I owe very much. Agrio-
limax agrestis L. was the species chosen for the work, as tho adults are
abundant at that time of the year about piles of rubbish and stone
heaps, - in fact, wherever decaying vegetable matter and moisture afford
food and a suitable retreat. After the last of November, a supply of
adults can generally be secured in greenhouses.
  The eggs of other Limaces can also be collected in the same localitios,
and as those of Agriolimax agrestis are not readily distinguished from
some of them, recourse was had to eggs of known parentage only.
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                           II. METHODS.
 
   The most successful method of keeping the animals in captivity was
 found to be as follows. A tin box with proper ventilation is filled to
 the depth of one inch with clean saud, which forms a suitable substratum
 for the retention of moisture. On this is laid down a sheet of moss, to
 whose under surface the earth still adheres. The leaves of the cornmon
 plantain furnish acceptable food, and, when this is no longer available,
 fresh cabbage leaves and apple parings can be used. The eggs, which
 seem more often to be laid at night, are found in clusters in the soil, or
 cunuingly packed away in the moss itself. The rate of development is
 such at the ordinary temperature of the laboratory that the eggs col-
 lected in the morning will generally be found to have already reached
 the early stages of cleavage, while gastrulation progresses during the
 second day, and is completed early in the third. During the first week
 of captivity the slugs furnish eggs in great abundance; but after that
 time the number diminishes and tho quality deteriorates so rapidly that
 it is imperative that a new colony be secured. Abnormalities in the
 living egg show themselves in the early stages by a loose assemblage of
 the cells, and the increasing opacity of the embryo.
 Before hardening the embryo, it is necessary to free it from the en-
 volopes and albumen which surround it. As the eggs of Agriolimax
 agrestis are much smaller than those of Limax maximus, it was not
 possible to employ the method described by Miss Henchman ('91) for
 shelling the eggs. But by inserting two fine cambric needles in one
 holder, so that the distance between the points is less than the diameter
 of the unshelled egg, it is possible to hold the egg between these two
 needles and pierce it by a third. A quick shear-like eut with the third
 needle against one of the other two tears open one side of the egg and
allows the albumen and the ovum to escape from the envelopes. It is
very desirable not to entanglo the embryo in the viscous matter between
the inner and outer envelope, for it is almost impossible to remove this
when it is once attached to the embryo. The albumen interferes with
section-cutting and obscures whole preparations, so that it is necessary
to remove it entirely. This for a long time presented a most serions
obstacle to my work. Washing off the albumen with water is a very
slow and tedious process, and not always successful. Some of the eggs,
after treatment with Merkel's or Flemming's fluid for a short time, were
washed with hypochlorite of soda to rid them of the albumen. The
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difficulty of using this lies in the necessity of stopping the action of
the hypochlorite before it attacks the ovum. It frees the eggs of
the albumen, and does not interfere with staining, but the proportion
of eggs destroyed in the process is very great. When the eggs are
thrown into weak chromic acid (one fourth to one third per cent) or
weak Merkel's fluid, the albumen is coagulated, and if the exposure is
properly timed, the egg cau sometimes be freed from its envelopes. It
is difficult to get good series of sections of eggs hardened in their enve-
lopes, or but partially freed from them. The process of dehydrating and
embedding ren'ders the albumen so hard and brittle that it breaks into
bits when a microtome knife strikes it, and generally the whole section
becomes shattered. This is especially true of eggs killed in any of the
chromic fluids. The method of Schmidt ('90) for the later stages of
Limax was employed with suocess for the early stages. The eggs are
thrown into a saturated aqueous solution of corrosive sublimate, and as
soon as they have become opaque they are washed in water, shelled, and
freed from the coagulated albumen by a gentle stream of water from a
pipette. There is less danger of distorting or destroying the egg in the
process of shelling by this method than by any other I have employed ;
the disadvantages are that one is limited to this single killing reagent,
and that it is often difficult to remove all the albumen.
  The method which gives by far the best results is as follows. The
living eggs are placed in normal salt solution (0.75 per cent), in which
they are at once shelled, and then freed from the albumen by washing
them in the salt solution, which is dropped upon them from a pipette.
The operation is carried on in large glass dishes, resembling watch-
glasses, but provided with flat polished bottoms, which are placed upon
a black tile; this renders the eggs visible to the naked eye. 'The salt
solution dissolves away the albumen, leaving the egg entirely free. It
can then be transferred to any desired killing reagent by the use of a
capillary glass tube. It is advisable to shorten the exposure in the salt
solution as much as possible, for nuclear conditions are somewhat altered
by its action. Eggs which have lain in it for ten minutes have their
nuclear membranes much distended, and the chromatin, gathered into a
homogeneous mass at the centre of the nucleus, surrounded by a clear
region of nuclear sap. It is possible, however, by this method to obtain
eggs whose nuclear conditions do not seem to be in the least changed.
   For killing  reagents the following   were used: picro-sulphuric;
picro-sulphuric with a few drops of one per cent osmic added to it
(Erlanger, '91); Perenyi, followed by five per cent alum water; Whit-
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 man's Merkel; Fol's modification of Flemming's chrom-osmic-acetic,
 either alone or followed by Whitman's Merkel. By far the most satis-
 factory results were obtained by subjecting the eggs to the action of
 Fol's modification of Flemming's mixture for one minute and transfer-
 ring them at once to Orth's picro-carminate of lithium. The eggs were
 allowed to remain in the stain twelve to twenty-four hours, and were
 then decolorized with acidulated alcohol until the cytoplasm retained
 but a slight tinge of red. Rapid decolorization with ninety per cent
 alcohol plus five per cent hydrochlorio acid gave very good results.
 The eggs when properly decolorized have cell boundaries and nuclear
 membranes sharply marked, and the chromatic elements of the nucleus
 remain a deep red. Asters show plainly, but centrosomes are not
 stained. Eggs killed in Flemming's fluid and afterwards bleached by
 chlorine, or those killed in Merkel's fluid, are satisfactorily stained in
 Mayer's HCl-carmine.    These also must be thoroughly decolorized.
 Eggs killed in corrosive sublimate were stained in alum-carmine or
 Czokor's cochineal, but the best results after this killing agent were
 obtained by the addition of a drop of Delafeld's hematoxylin to slightly
 acidulated water in which the eggs had been placed after hardening in
 alcohol (Conklin, '92). This is especially valuable for the demonstra-
 tion of astrocoels in the early stages of cleavage. Satisfactory results
 were not obtained on whole preparations with Heidenhain's iron-htema-
 toxylin or Henneguy's method with permanganate of potash and safra-
 nin. The first, however, gives very good results with sections.
 The processes of killing, hardening, staining, and clearing were carried
 on in watch-glasses. Capillary glass tubing was found to be very con-
 venient for transferring individual eggs when such transfer was necessary.
 Turpentine, xylol, or cedar oil was used as a clearing agent. Eggs can
 be kept without harm for a long time in turpentine evaporated down to
 a waxy consistency, or in xylol to which soft parafine has been added.
 If the xylol is allowed to evaporate, it leaves the eggs embedded ir the
soft parafine, which can be redissolved by fresh xylol without harm even
to these very delicate objects.
  The eggs were studied in the clearing agent under a cover-glass placed
on glass rollers made of bits of capillary tubing. This allows the use of
high-power objectives and the orientation of the embryo in any desired



position for a camera drawing. 'When permanent preparations were
desired, they were mounted in xylol-balsam or a solution of dammar in
cedar oil. By the addition of a drop of xylol to the margin of the cover-
glass, the mounting nedium is sufficiently softened to allow the cover-
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glass to be moved upon the rollers, and the egg oriented as desired, even
after the slide has stood for months.
 The method of embedding and orienting preparatory to it de-
scribed by Dr. Woodworth ('93) proved to be very valuable. The
ordinary method of orienting in relted parafine on the warm stage
with the aid of a lens was also employed. Sections were eut 6.67 
in thickness, and reconstructions of many stages were made in wax
on a scale of three hundred diameters. Transverse, sagittal, and frontal
sections were eut; though it was not always possible to orient the
embryo exactly, the reconstructions revealed the direction of the sections
in cases where there was doubt. Sagittal sections are more readily
interpreted than the others, for in them the cells of the diffrent germ
layers are shown in the same section in such relations as to be more
easily recognized than in sections in other planes.
  In the discussion of sections the following orientation is used. The
end called anterior is the one toward which the growing invagination is
directed. At the time of gastrulation it is the larger end of the embryo.
The opposite end is the posterior, and is marked at the stage preced-
ing gastrulation by a greater thickness than the anterior end, due to
the presence of the mesoderm. In the early stages of gastrulation
the broader and shallower end of the blastopore lies anterior. At the
completion of gastrulation the contracted remnant of the blastopore
occupies a terminal position at the posterior pole. The chief axis is the
antero-posterior one. The ventral surface is marked in the blastula by a
greater convexity than the dorsal, but during the period of gastrulation
by the growing invagination. Sections are called sagittal that are
parallel to the plane which coincides with both chief and dorso-ventral
axes; frontal, those that are perpendicular to the dorso-ventral axis;



transverse, those that are perpendicular to the chief axis.
 
 
      III. NOMENCLATURE OF SPIRAL CLEAVAGE.
 
   The earliest full discussion of spiral cleavage occurs in Blochmann's ad-
 mirable work upon Neritina ('81). Fol ('75 and '76) had described the
 early stages in the cleavage of the Pteropods and the IIeteropods, and
 Rabl ('79) the cleavage of Planorbis ; but neither had entered into a full
 discussion of the lineage of the cells or the spiral character of the cleavages
 with which he was dealing. In Neritina the cleavago is unequal, and
 at the formation of the first set of micromeres we have the appearance of
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 a small protoplasmic mass budded off from a larger mass. This concep-
 tion of the cell division-the dcrivation of a small part from a large
 part - dominated Blochmann's nomenclature both of cells and of spirals.
 Accordingly, we find him designating a large mass of protoplasm, both
 before and after the small mass is budded off from it, by the same name.
 So aiso, when h  cornes to compare the spiral with the motion of the
 hands of a dock, he regards the small cell as moving away from the large
 cell, and designates the spiral accordingly. Other investigators of spiral
 cleavage - Lang ('85), Conklin ('91 and '92), Wilson ('92), Heymons
 ('93), Lillie ('93)- have, like Blochmann, dealt with forms presenting a
 grcater or a less inequality in cleavage, and have found it convenient to
 employ the system inaugurated by Blochmann for their nomenclature
 of cells and spirals. Thero has arisen in the usages of these various
 authors, however, considerable confusion in the detailed application of
 their nomenclatures to this basis of reference. Indeed, as I have pointed
 out in a previous paper (Kofoid, '94), an author is not always able to
 avoid inconsistencies. This state of affairs is confusing and extremely
 annoying to the student who wishes to make a comparative study of
 cell lineage. However much the introduction of a new system of nomen-



 clature is to be deplored, it seems to be justified for the following reasons.
 Cell lineage deals primarily with the descent and fate of cells, and is most
 conveniently traced by following the history of their nuclei; it is only
 secondarily concerned with the amount of yolk or protoplasm in the
 cells. The founding of a system of nomenclature, therefore, upon the
 relative sizes of cells, ignores wholly this fundamental proposition, and
 substitutes a basis of varying and uncertain nature. Furthermoro, this
 system has caused the introduction, perhaps not necessarily, of the
 custom of designating cells of different generations by identical namnes;
thus A may be a cell of any one of a half-dozen different generations.
In this, too, the principle of descent is ignored.
  Finally and principally, the basis hitherto employed affords no solid
ground whatever for comparisons, for it gives no logical method to be
employed in cases of equal cleavage; and its application must vary with
the varying distribution of the large cells in different species of animals.
Thus it comes about that " homologous " cells, i. e. those of identical
descent, must according to this system hie named differently in differ-
ent animals. It may be that the system as applied by these authors
docs furnish a means, readily grasped by the oye and the mind, of fol-
lowing the lineage in the particular form studied; but so long as it fails
to form a basis for comparison, it is open to serious objection. It was
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with a view of meeting this objection and suggesting a suitable basis of
comparison that I proposed, in a paper ('94) to which I must refer the
reader for a detailed description, an entirely new principle of nomencla-
ture of both cells and spirals. This is a strictly genealogical system,
giving to each cell in the line of descent a separate designation, one de-
termined moreover by the constant spatial relations common to all eggs,
and not by the inequality of the cleavage characteristic of individual
species.
  The system presupposes the division of the egg into four quadrants
designated a, b, c, d, placed in the order in which the hands of a clock
move.    These quadrants are occupied by the four blastomeres, the
quartet, of the third generation. When this quartet, or any other quar-
tet of the later stages, divides, forming two quartets, each cell is desig-
nated as follows : (1) by a letter indicating the quadrant, as, e. g., a;



(2) by a first exponent indicating the generation, a8, a4, etc. ; (3) by a
second exponent indicating the position of the quartet with reference to ail
other quartets of the sanie generation, potential or actual, the quartets
being numbered from the vegetative toward the animal pole, as a4'1, a4.2,
etc. Thus the cell a8 divides, forming a4'1 and a4U'; in the second ex-
ponent the odd one being always given to the cells of the quartet which is
nearer the vegetative pole, and the even to those of the quartet nearer the
animal pole. I have previously described ('94) the simple and constant
manner in which the designation of the daughter cells can in every case
be derived from that of the mother cell.
  It may be well to call attention here to the significance of this system
of nomenclature. It designates cells as they might be named in the
simplest possible mathematical and mechanical conditions of a cleaving
egg, i. e. equal, regular cleavage pervading all the cells of a generation
at the same time. In such a case we should have all the quartets of a
generation actually present and numbered in the regular succession of
their position from the vegetative to the animal pole. The possibility
of referring all forms of spiral cleavage to such a simple type is obvious,
and the advantage, if not indeed the necessity, of such a reference as a
basis of comparison is equally apparent. The fact that in the applica-
tion of this system the exponents have little or no significance, or are
even misleading, as to the actual number of quartets present between a
given quartet and the vegetative pole, is thus no obstacle, when once
the real significance of the system is understood. In fact, it is rather
an advantage that the regions of most rapid growth in the cmbryo are
thus prominently designated. There are doubtless objections that
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 will be encountered in the application of the system. After the ninth
 generation of cells the exponents become exceedingly cumbersome, but
 this is an objection which applies to ail other systems as much as, or to
 even a greater extent than, to this; and it may perhaps in many cases be
 avoided in the later stages by the introduction, for teloblasts and their
 progeny, of subordinate dichotomous systems based on combinations ofthe
 numerals 1 and 2, as introduced by Chabry ('87), and later adopted by
 Wilson ('92) in his subordinate systems. It is also true that the system,
 as proposed, does not optically differentiate the macromeres and the



 primary, secondary, and tertiary micromeres where it is desirable to
 distinguish these groups or their immediate descendants. This however
 is readily accomplished by the use of differential type, or even by other
 letters of the alphabet than a, b, c, d, but used in the same order.
   There seems to be no doubt that this system can be applied wher-
ever it is possible to divide the cleaving egg into equivalent quadrants,
and thus to distinguish quartets of cells. I have myself applied it to
the spiral cleavage described for varions forms (sec review of the litera-
ture), and my friend, Mr. Castle, has applied it successfully to the
bilateral cleavage of Ciona and to that of Clavelina as described by Van
Bieneden et Julin ('84).
  To make this system available in all cases, it is only necessary to
apply the second exponent in a constant manner with reference to some
spatial relations; e. g. in the case of Tunicate cleavage, with reference
to the sagittal and transverse planes, starting in all cases fromi the
vegetative pole.
  ii conclusion, it hardly needs to be suggested that the generation
basis of comparison is about the only one that can be employed between
the varions types of cleavage ; and I would add that it promises to be
useful in the discussion of precocious developInent.
 
 
  IV. GENERAL SKETCH OF THE DEVELOPMENT.
 
  Limax bas spiral cleavage of the typical forre, the spirals alternating
in successive cell generations, right spirals resulting in the even genera-
tions and left spirals in the odd. The mesoderm is derived froin the left
posterior quadrant, and, as in Nereis, Iimbrella, Crepidiula, and Unio,
the first mesoblast cell is d2. An elhemeral, recurrent cleavage cavity
appears at the two-coll stage, and recurs as late as the completion of the
period of gistrulation. This cavity is excretory in function, and is
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induced by the environment of the egg. The primary mesoblast divides
bilaterally, ultimately sinks below the general level, and forms two
bilaterally placed mesodermal bands extending anteriorly. Their forma-
tion precedes and accompanies gastrulation, no lumina appearing at any



time within them. The blastopore is at first broad and shallow, but it
gradually deepens at the anterior end, and disappears from the posterior
margin anteriorly, forming an elliptical pit on the median ventral surface.
By a rapid growth in the latero-anterior lips of this pit, accompanied by
an accumulation of mesoderm in these regions and a general readjust-
ment of the axes of the embryo, the opening leading into the archenteron
assumes a position at the former posterior margin of the blastopore.
This remnant of the blastopore cornes to lie in the anal region; the
mouth breaks through at a later period upon the ventral surface of the
embryo.
 
                        V. CLEAVAGE.
                          Introductory.
  The cleavage ofthe egg of Limax takes place with considerable rapidity.
The eggs are generally laid, in captivity, during the night, and in the
morning one finds stages from the one-cell to the sixteen- and occasion-
ally the twenty-four-cell stage. By six o'clock in the evoning those
eggs have reached the stages of twenty-four to forty or more cells.
Gastrulation begins during the second day, and is completed on the
third day. There is, however, much variation even in a lot of eggs
found in one mass, and evidently laid by one individual. These dif-
ferences may possibly be due to differences in the time of fertiliza-
tion. Temperature exercises a profound influence on the rate of cleav-
age. Eggs about to pass into the twenty-four-cell stage at 6 e. M. were
placed over night in a temperature a few degrees above frcezing, and
were found to bave just reached that stage at 8.30 the next morn-
ing, and, though restored to the temperature of the laboratory, they did
not progress to the next cleavage until 2 P. M. There are a few " stages "
in the cleavage that are well marked, i. e. periods of apparent inactivity
in which the egg continues for some time. These are the the two-, four-,
eight-, sixteen-, twenty-four-, forty-four-, and sixty-cell stages. The
periods alternating with these are marked by mitotic conditions in all
or a part of the cells of the egg.
  The animal polo of the mature and undivided egg is marked by the
presence of two polar globules. These generally differ in sizo, the more
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 distant, i. e. the first, being the larger. In stained preparations the
 larger one often contains a distinct nucleus with nuclear membrane and



 chromatic granules (Plate III. Figs. 20, 21). In the case figured here
 the two globules are closely applied to the surface of the egg. In the
 majority of instances, however, they lie at some distance from the egg in
 the albumen, and in the living egg often seem to have no connection
 whatever with the vitelline surface. Thus it happens that the polar
 globules are removed with the albumen in by far the larger part of the
 eggs shelled. A phenomenon observed occasionally in the later stages of
 the living egg is the increase in size of one of the polar globules and its
 subsequent collapse (Plate I. Figs. 9-11). In one case the globule
 reached a diameter half that of the egg itself. This is apparently
 caused by the absorption of fluid from the albumen, and ii the case
 noted was followed by a collapse and a return to the normal size and
 shape. The eggs of Agriolimax agrestis vary a great deal in size, the
 limits being from 80 y to 160 p in diameter. The average size is about
 100-110 p.
 
                 A. Orientation of the Embryo.
  In my treatment of the subject the orientation employed by Wil-
son ('92), Conklin ('92) and Heymons ('93) is followed. The first
cleavage plane is transverse, the second sagittal, in relation to the future
embryo. The polar globules are dorsal, the macromeres are ventral.
This does not, however, distinguish the anterior and posterior poles, and
I know of no way in which they can with certainty be determined in
Limax. The cells of the two ends are equal in size, generally, and when
slight differences can be detected on careful measurement, it is impossible
to follow these differences during the protean phases of cleavage that
intervene between the two-cell stage and the appearance of the first
mesoderm oell, marking the posterior pole. Inasmuch as the mesoderm
cell (d72) cornes fronm the left posterior quadrant, and is itself quite a
large cell, wlile its sister cell (d'") does-not seem to be much smaller
tlian other members of its quartet, I have always placed the larger of the
two touching quadrants of the basal quartet in the position left posterior,
rathor tlan right anterior. I have been compelled to orient arbitrarily
in many cases, when no difference in size could be detected, choosing
one ofthe two positions 180 apart. In choosing the larger cell I have
not followed the type of Umbrella, where without doubt the mesoderm
comes from the smaller of the two cells in contact at the ventral cross
furrow.
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                  B. Discussion of Cleavage.
       SECOND GENERATION. FIRST CLEAVAGE PLANE. TWO CELLS.
                           Plate I. Fig. 14.
  It should be noted that the phrase " generation of cells " is used in its
strict genealogical meaning, and not in the sense in which Fol ('75, '76),
Blochmann ('81), McMurrich ('86), and Heymons ('93) have used the
phrases "generation of micromeres " and " generation of cells."  The pro-
cesses of maturation, fecundation, and the formation of the first cleavage
furrow have been described in detail in Dr. Mark's classic work upon
Limax campestris. His published work was not carried beyond this
stage, though he had continued his researches far into the later stages
of development. The appearance of Fol's work ('80), which dealt
largely with the embryology of Limax, and the pressure of other duties,
have interfered with the completion and publication of his studies. Dr.
Mark lias very kindly placed his iumerons drawings and careful notes in
my hands, and they have been of invaluable assistance to me in my work.
I shall not attempt to add to his complete description of the formation
of the first cleavage plane, but shall begin my work with the stage
represented in Plate I. Fig. 14. This is a lateral view of an egg which
las just completed the first division. Warneck ('50) ias stated that
in Limax and Lymnaus this plane is oblique to the axis of elongation,
instead of transverse to it, and has distinctly said that this conclusion
was not based upon a deceptive orientation of the egg. Fol ('75) lias
described a similar occurrence in Cymbulia.  I have found no evidence
that in the least confirms this statement of Warneck's. At the stage
shown in Figure 14 the two nuclei lie close to the approximated sur-
faces of the blastomeres, at a level about midway between the animal and
vegetative poles ; they are still quite small, and have only a very deli-
cate membrane. Each lias an elongated oval outline, with the long axis
extending toward the astroccl of the cell in which it lies. Their
position indicates that in the progress of the cleavage furrow toward the
vegetative polo the nuclei (daughter segments) were in some way car-
ried downward toward that pole. Mark ('81) lias described sucli a pro-
cedure in the eggs of Limax campestris. There are a number of dccply
staining granulations in the peripheral part of the cell adjacent to the
nuclei, which probably constitute the remnant of the cell plate; tiero
is thus every indication of recent cell division.
  The astrocels appear as clear areas, almost as large as the nuclei,
containing a few scattered deeply staining granules. These clear arcas
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 have no limiting membrane; they are, however, devoid of the granular
 structure of the surrounding protoplasm, and are the centres about
 which the radiations constituting the asters are arranged.
   The position of the astrocoels with reference to the nuclei is worthy of
 note. They are removed some distance from the nuclei toward the
 animal polo of the cells in which they lie. A comparison of this figure
 with that of a later stage shown in Figure 5 indicates that the astrocoels
 are migrating toward a region where later the nuclei are found. It must
 seem thorefore from the conditions in Figure 14 that the nuclei are pre-
 ceded in this migration by the astrocools. This recalls the shifting of
 male and fomale pronuolei attributed to the astrocoels by Conklin ('94)
 in Crepidula.
   In the living egg of this stage, when the cells have reached a perfectly
spherical shape, each blastomere seems to be entirely independent of
the other, and not tho least trace of any contact or connecting proto-
plasm can be detected between them. Each has a definite, unbroken
contour, and in most cases there is an appreciable space between them,
which shows no differentiation from the surrounding albumen. In the
egg shown in Figure 14 the separation is not so great as it apparently is
in the living egg. It is an interesting phenomenon, and raises the ques-
tion as to the existence of any actual protoplasmic connection between
the blastomeres in the stage following constriction. It is impossible to
answer the question satisfactorily from observation of the living egg,
for there ia the possibility of the existence of a thin sheet of protoplasm
which, on account of its transparency, thinness, and optical resemblance
to the surrounding albumen, cannot be detected. The egg shown in
Figure 14 was shelled by the process described in the preceding pages
and washed free from the albumen by normal sait solution, transferred
in capillary tubes a number of times in the process of preparation, and,
after mounting in balsam, was rolled over in various directions repeatedly
without a separation of the two blastomeres. The two cells have each of
them a definite and sharp outline at all planes of focusing, and even
under high powers of the microscope no deeply stained granular bridge
of protoplasm can be detected between them. It is only by very care-
ful focusing that tho rather vague, transparent, unstained connoction
between tho cells can be seen. So far, thon, as this preparation goes, it
shows that thore is a physical band of connection between the two
blastomeros in this stage of greatest separation. Tho nature of this
connection is problematical. It may be the Schleimschicht of Warneck
('50), or it may be a continuation of the " differentiated superficial
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portion of the yolk " noted by Mark ('81), there being no evidence of a
well differentiated vitelline membrane. If the latter, then there is
physical continuity in the living substance of the two blastomeres, and
the appearance in the living egg is deceptive. Experimentation might
possibly settle this interesting question.
 The two cells now lose their individual spherical contours, owing to
their apposition and the mutual flattening of the two faces in contact.
Thus the nearly spherical outline of the whole egg is re-established. Sec
Figures 1-6, which form a series showing successive conditions of a single
egg, and render a detailed description of the process unnecessary.
  The alternation of the rounded and flattened condition of cells during
and subsequent to mitosis bas been very generally observed in the stages
of cleavage, but the explanation of the causes which underlie this
phenomenon seems as remote as ever. Whitman ('78), in his discussion
of the cleavage of Clepsine, concludes : "The cause of the separation
and of the subsequent approach is undoubtedly the nucleus. ... .The
proof that this is an electrical phenomenon is at present wanting, but the
facts seem  to point in this direction very strongly."  Our incrcased
knowledge of the part that the cytoplasm plays in the process of cell
division, especially the directive rle of the centrosomes, bas suggested
another influence to which we may turn for a solution, though the nature
and exact operation of that influence is by no means definitely settled.
 This first cleavage plane divides the egg into equal or approximately
equal cells. In some cases, by careful measurem'ent, a slight difference
in size could be detected; in one case, for example, one of the cells
measured 19 x 26 units of the ocular micrometer, and the other 20 X 27,
when viewed from the animal pole. The theoretical consideration of the
orientation of the early stages will be taken up later; suffice it for the
present to say that the orientation adopted by Wilson ('92), and later by
Conklin ('92) and Heymons ('93), will be employed in the present paper.
The first cleavage plane, then, cuts the egg into an anterior half, A B,
and a posterior half, C D, i. e. it is perpendicular to the antero-posterior
axis of the egg.
 The discussion of the cleavage cavity will also be deferred till a later
part of the paper is reached.
 
     THIRD GENERATION. SECOND CLEAVAGE FUiRRow. Forr CELLS.
                 Plate I. Figs. 6-8; Plate II. Fig. 15-18.
 The second furrow is formed, at the ordinary temperature of the labo-
ratory, about two hours after the appearance of the first. Like the first,
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it is preceded by an elongation of both cells in a direction at right angles
to the plane of the division. Figure 15 (Plate II.) presents a view
from the animal pole of a stage preparatory to this cleavage. The egg
hore represented is an exceptionally large one, being about 160 u in its
longest diameter. Each cell contains a spindle lying in its long diameter
and nearer the animal pole. If the egg be viewed exactly from the
animal pole, it is found that two of the asters - the rays of which are
made more prominent in the figure than those of the remaining two -
lie at a higher level than their mates. The same fact is brought out in
a lateral view of this stage (Plate I. Fig. 7). Of the four asters the two
having the same level lie in diagonally opposite quadrants of the egg.
If we orient the egg so that the first plane of cleavage is transverse, no
matter which pair of cells is placed anteriorly, and name the four asters
A, B, C, D, in the accepted order, beginning at the left anterior quad-
rant, we shall have the asters A and C at the higher level, B and D at
the lower. The slight difference in size between the two cells of this
egg (Plate II. Fig. 15) las been previously noted. There is also a very
slight difference in the stage of mitosis oxhibited by the two cells, the
larger being slightly more advanced than the smaller. A difference in
the time of cleavage of the two cells of this stage has come under my
observation in Limax a number of times. It is, however, not prevalent,
and it is impossible to correlate it with any difference in the size of the
two blastomeres. In Nereis, Umbrella, Cyclas, Unio, and many other
forms, there is a well marked difference in size and a correlated difference
in the time of division, the smaller cell being generally the first to divide.
 Figure 8 (Plate I.) represents the second furrow just before its com-
pletion. The difference in level noted in the asters here finds its counter-
part in the position of the partially formed blastomeres, the order of
arrangement being the same as in Figure 15 (Plate II.). The planes of
division'are perpendicular to the axes of the spindle. They are there-
fore not continuous, but both are oblique to the vertical axis and in
opposite directions. The posterior plane (separating C and D) passes
from above toward the vegetative pole and the right, the anterior (sepa-
rating A and B) from above toward the vegetative pole and the left.
Inasmuch as the two derivatives do not lie at the sani level, we may
test the existence of the spiral; viewing the egg from the animal pole,
and going from the lower derivative to the uipper, we pass in a direction
opposite to that in which the hands of a clock movo; this oblique posi-
tion of cognate colls may bo referred to as a left spiral. It should be



noted that this position of the cells is predetermined by the inclination
   vo<, xxvn. - NO. 2.           4
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of the spindles, which exists before there is any constriction of the cyto-
plasm. As in the case of the first cleavage plane, the constriction pro-
gresses most rapidly from the animal pole. Toward the close of the
process of constriction the daughter cells are united by only a bridge of
protoplasm, which is nearer the vegetative pole. Figure 16 (Plate II.),
from a preparation of a slightly older stage, shows a similar bridge of
protoplasm, but it is much nearer the animal pole.
  The period of constriction is followed by a stage similar to that
described for the two blastomeres, in which each of the four blastomeres
assumes a spherical contour and stands out sharply and distinctly from
its neighbors. This phase soon passes, and withiu half an hour the egg
has assumed the condition of Figure 9 (Plate I.). This is the typical
four-cell stage of the spiral type of cleavage, and therefore merits further
description. (See diagram of this stage on page 52, Figure A.)     The
four cells, A, B, C, D, occupy the left anterior, right anterior, right
posterior, and left posterior quadrants respectively. Each cell presents
to the exterior a rounded, convex surface, and upon its inner side
has three facets of contact, - the first and third with the cells of the
adjacent quadrants, the second with the cell of the diagonally opposite
quadrant. This last facet is triangular in shape, with its base at one
pole and apex near the centre of the egg. The vertical axis of the egg
lies in the planes of these central triangular facets. The bases of the
central facets coincide with the well known cross furrows of the animal
and vegetative poles of the egg (compare Plate II. Fig. 17). Thle cross
furrow of the animal pole lies between the cells A and C, and extends
from 1) to B, that of the vegetative pole lies between B and D, and
extends from A to C. Thus by this mutual adaptation of the cells to
one another, the spheroidal form of the egg as a whole is, in a degree,
again restored, and here, as in the two-cell stage, persists during the
period of " nuclear quiescence."   I have referred to the condition in
Limax as " typical."   I mean that the conditions are simple, and that
the modifying influence due to the presence of a large amount of yolk,
and its equal or unequal distribution among the four blastomeres, is



absent.
  A comparison of the conditions presented here (Plate I. Fig. 9, Plate II.
Fig. 17, and Fig. A, p. 52) with the same stage in other animals shows
how profound the modifications are. In Limax the dorsal and ventral
cross furrows are approxirately equal in length, and as seen from the
animal pole lie nearly at right angles to each other. In Nereis (Wilson
'92) the dorsal furrow is largely obliterated, the four blastomercs almost
 
 
- RP
 
 
c
 
�

 
 
 

[Begin Page: Page 51]
 
 
 

 
 
 
 
 
 
 
 
KOFOII): DEVELOPMENT OF LIMAX.
 
 
meeting in a point at the animal pole, while the ventral cross furrow is
correspondingly longer. In Umbrella (Heymons '93) the dorsal and
ventral furrows of this stage are parallel, i. e. are formed between the same
colis B and D, the cells A and C being considerably separated. This is
undoubtedly due to the presence of a large amount of yolk in the four
blastomeres. Likewise in Planorbis (Rabl '79) and Ncritina (Blochmann
'81) we find the dorsal and ventral furrows of this stage similar to those
of Umbrella, rather than Limax. These cross furrows are an invaluable
aid in thc determination of the axes of the later stages; the question of
their relations and constancy will be discussed later.
 
 
         FoURTH GENERATION. THIRD CLEAVAGE. EIGIIT CELLS.
      Plate I. Figs. 8-13; Plate II. Figs. 17-19; Plate III. Figs. 80, 21.
  About two hours and a half intervene between the bcginning of the
four cell stage and tliat of the eight-cell stage. The third cleavage is
accomplished by the division of the quartet of the third generation, A, B,
C, D, into two superposed quartets (cf. Figure B, p. 52), A4'- 1-)41,
and a4' -d'2. The series of stages shown in Figures 8-13 (Plate I.)
represents the egg during this process. Figures 17 and 18 (Plate II.)
give apical and lateral views respectively of an egg with the spindles of
this generation. It will be noticed (Fig. 17) that the spindles in no
case stand vertically, but that they are inclined toward the right (right
and left being used as resident in the egg; sec my earlier paper, '94,



p. 180). The division of the chromatin elements in thi spindles hias
just begun, and tlere is no trace of a constriction of tie cytopllasm. A
comparison of Figures 17 and 19 shows that tio degrce of obliquity of
the spindles has increased during the interval between   te two stages.
Figure 19 represents a stage in which tlie constriction of thi upper frorn
tlie lower quartet, i. c. of tlie microneres from the macromeres, lias just
been completed. The obliquity increases during the division, so that at
its close the cells of the upper quartet lie in the furrows between the
cells of the lower quartet. Thus it will be seen tlit this apparent
shifting of tho upper quartet upon thc lower, known as the "spiral,"
takes place in large measure during the division of the oells. It will
also bo noted that the pla:   of division is at right angles to the axis
of thi spindle.
  If we view the egg frion the animal pole and pass froi    tihe lower
derivitive of a pair to the upper, we move in the direction of the hlands
of a dock, and thi urore the division of this, the fourth generation, takes
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place in a right spiral, whereas that of the third presented the character
of a left spiral. Applying the system  of nomenclature which I have
adopted to the derivatives of the third generation, we find that cells of
the lower quartet will be designated by the exponent 4.1, and the upper
by 4.2. It will be convenient in the further discussion of quartets to
refer to therm simply by their exponents, without reference to the indi-
vidual cells of which they are composed. It will be seen from Figures
17 and 19 (Plate II.) that the dorsal and ventral cross furrows at the
close of this stage do not lie at right angles to each other, as they did at
the end of the four-cell stage, but that they cross each other at an angle
as much less than 90 as is represented by the shifting of the cells to
produce the spiral, i. e. they now cross at about 45, as seen in the
accompanying diagrams (Figures A and B).
 
              FIGURE A.                       FIGURE B.
 
 
 
          A          B
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  Figure A is a diagrammatic representation of the four-cell stage of
Limax as seen from the animal pole, showing dorsal and ventral cross
furrows. Figure B is tho same of the eight-cell stage.
  This condition is not quite realized in Figure 21 (Plate III.), owing to
the near proximity of the succeeding division, which restores the cross
furrows approximately to the conditions of the four-cell stage. Thus, in
the typical eight-cell stage of Limax the cross furrows correspond to
those of the same stage of Nereis (Wilson '92, Plate XIV. Fig. 11).
In UTmbrella likewise (lHeymons '93, Taf. XIV. Fig. 4) the dorsal and
ventral furrows are oblique to each other, crossing at about 45, but
differing in this important respect from the furrows of Limax and Nereis,
that they are in this case formcd by the juxtaposition of the cells of
quadrants B and D at both poles, whereas' in Limax and Nereis the
ventral furrow only is formed by cells of these quadrants, the dorsal fur-
row bcing formed by a45 and c", as is shown in Figure B. Tiei furrows
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in Neritina (Blochmann '81) are similar to those of Umbrella. The con-
ditions in the eight-cell stage of Planorbis (Rabl '79) are complicated by
the fact that this pulmonate probably las reversed cleavage (cf. Rabl '79,
Taf. XXXII. Figs. 7, 9), and that therefore the mesoderm arises by a
riglt spiral instead of a left one, as in the case of the unreversed or
normal type of cleavage. Orienting the Planorbis egg for the purpose
of comparison after the method employed by Wilson ('92) for Nereis,
we have the first mesoderm cell arising froni quadrant C instead of
D; and in the four-cell and later stages the ventral cross fitrrow lies
between A  and C instead of between B and D      (cf. Rabl '79, Taf.
XXXII. Figs. 7, 8 B, 11 B).    The differences between Limax and
Planorbis will be best shown by a comparison of Figures A and B with
the corresponding stages of Planorbis given in the diagrams below.



 
             FIGURa C.                       FIGURE D.
 
 
 
 
 
 
 
 
 
 
 
 
  Figure C is a diagrammatic representation of the four-cell stage of
Planorbis, showing dorsal and ventral cross furrows parallel. Combined
from Rabl's ('79) Taf. XXXII. Figs. 7-12. Figure D, the same of the
eight-cell stage.
 It will be seen that in Planorbis, as in Umbrella and Neritina, - all
of them forms with considerable yolk, - the dorsal and ventral furrows
are both formed by the contact of cells of the same quadrants. On the
other hand, in Nereis and Limax the furrows of the two poles are
formed by the contact of cells of doifrent quadrants. In Nereis, how-
ever, the dorsal furrow is comparatively shorter than in Limax, and in
Umbrella it is of still less extent.
 I have observed no diflfrence in the time of cleavage of the diffcrent
quadrants. The nuclear conditions in Figure 19 (Plate II.) indicate
that the division is very slightly more advauced in the posterior half of
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the egg, but there seems to be no acceleration of the division in the
mesoderm-producing quadrant ) over the quadrant C in this egg.
 The division, as bas been before stated, is in individual planes oblique
to each other, and not in a common equatorial plane such as occurs in



radial division. In Limax the cells of the two quartets 4.1 and 4.2 are
of unequal size, the inequality being almost as great as in Nereis; tiis
will be seen on a comparison of my Figure 19 with Wilson's ('92) Plate
XIII. Fig. 10. We may therefore distinguish the components of the
larger quartet as macromeres, and the smaller as micromeres of the first
set. This difference in size, so marked at this period, persists in Nereis
to a very late stage of development, but in Limax it is practically oblit-
erated at the division leading to the next generation. Hence it is that
a system of nomenclature based on these distinctions loses its significance
when applied to the approximately equal cleavage of Limax.
 
 
                  FIFTH GENERATION. SIXTEEN CELLS.
  With the formation of the two quartets of the fourth generation it bas
become no longer possible to designate a single cleavage furrow as pro-
ducing the next generation. I shall therefore discuss the cleavage, from
this time on, from the standpoint of the successive cleavage of quartets.
 
             Division of Quartet 4.1, forming 5.1 and 5.2.
                         Plate III. Figs. 20, I1.
  The basal and larger quartet of the eight-cell stage is seen in a
mitotic condition in Plate III. Figs. 20 and 21. Here, as in the previous
division, the spindles are not vertical, but much inclined ; this time, how-
ever, the upper asters of each spindle lie to the left,1 and not to the right,
of the lower ones (Fig. 20). The division of the chromatin elements
lias already taken place in the spindles of this quartet (best seen in
Fig. 21), and the conditions of the completed mitosis can readily be
inferred from the figures. If we vicw the egg from the animal pole, and
pass from  the lower derivative to the upper, we move in a direction
opposite to that of the iands of a dock, i. e. this division takes place in
a left spiral. The division of this quartet (4.1) is almost equal (Plate
III. Fig. 22), the basal derivatives (5.1) being but sligltly larger than
the upper ones (5.2). In this respect Limax differs from nal the yolk-
laden forms, - Ncritina, Planorbis, Umbrella, and Nercis,- lwhere the
       1 Cf. Kofoid '94, p. 180, for explanation of the use of right and left.
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cells of the basal quartet (5.1) retain their preponderance, and may still
be designated as macromeres after this division.



 The cell d"'2 (somatoblast of Wilson) is not appreciably larger than
the other members of the quartet to which it belongs.
 
             Division of Quartet 4.2, forming 5.3 and 5.4.
               Plate III. Flgs. 20-23; Plate IV. Figs. 28, 29.
 The same stages which show spindles in the lower quartet also exhibit
them in the upper and smaller quartet. The mitosis is not however so
far advanced as in the lower quartet. The nuclear membrane can still
(Figs. 20, 21) be traced, though the asters are present, and the axis of
the spindle can therefore be determined. This, as in the lower quartet,
is inclined; however, it is more nearly parallel to the equator than to
the vertical axis. The inclination is in the same general direction as that
of the spindles of the lower quartet, and the conditions of the completed
division can be inferred as readily from the figures. Viewing the egg
from the animal polo and passing from the lower derivative or aster to
the upper, we move in a direction opposite to that of the hands of a
dock, and this spiral, like that of the other quartet of this generation,
is therefore a left one. This division, like that of the basal quartet,
results in cells of almost equal size (Plate IV. Figs. 28, 29), the upper
derivatives in this case (5.4) being, however, slightly larger than the
lower (5.3).
  The conditions in Figures 20, 21, show that the sixteen-cell stage will
in this case follow immediately upon the eight-cell, without the inter-
vention of a well marked twelve-cell stage. There is, however, so much
variation in the rate of cleavage in Limax, that it might be expected that
a twelve-cell stage would occasionally make its appearance. We have
but to increase tho difference between the mitotic conditions of the cells
of the two quartets of Figures 20 and 21 to produce such a stage.
Warneck ('50) figures in Tafel V. Fig. 46, a twelve-cell stage of Limax
agrestis, and one egg in this stage ihas come under my own observation.
This stage occurs regularly in forms with abundant yolk, as Planorbis,
Umbrella, etc., but Nereis, like Limax, passes directly from the eight- to
tie sixteen-cell stage. The completed sixteen-cell stage is shown in
Figure 22, Plate III., in which the genetic relations of the cells are still
indieated by the approximated nuclei.
  With the completion of the sixteen-cell stage and the fifth generation,
the dorsal and ventral cross firrows are restored to the conditions of
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the four-cell stage, i. e. they cross each other at approximately right
angles. A similar restoration to the conditions of the four-cell stage
occurs in Nereis, also in Umbrella at the twelve-cell stage, and probably
in Neritina.
  In Planorbis, however, according to Rabl's ('79) interpretation, the
cross furrow of the animal pole is not restored to the position of the four-
cell stage, but is turned 90 from it (see his Taf. XXXII. Figs. 10 A,
11 A). To accomplish this it is necessary for each of the cells of the
apical quartet (5.4) to be shifted 90 to the left, and thus completely
out of their own quadrants over upon the adjoining quadrants. It seems
very probable that Rabl is in error in this matter, and that in Planorbis,
as in the other forms, the division of this generation results in the
restoration of the cross furrows to the conditions of the four-cell stage.
 An examination of the sixteen-cell stage (cf. Figs. 21, 22) shows that
the cells of the apical quartet (5.4) lie in the same meridian as those of
the sanie quadrant in the basal quartet, i. e. a64 lies directly over a"1,
b64 over b5'1, etc. ; ac2, b6', etc. lie to the left of the meridian of the quad-
rant to which they belong, and a5'3, b"3, etc. to the right. Thus of the
four granddaughter cells of the original blastomere occupying the quad-
rant, two only occupy the meridian corresponding to the middle of the
quadrant, the other two being placed laterally to it, one upon either side.
Similar conditions obtain in the corresponding stage of Nereis. In Neri-
tina, Planorbis, and Umbrella, the fact that the twelve-cell stage is
succeeded by the twenty-four-cell stage obscures somewhat the typical
arrangement, though it can still be traced. It will readily be seen that,
when the disturbing elements of unequal and non-synchronous division
are removed, this arrangement of the four granddaughter cells will hold
good for the descendants of any blastomere in spiral cleavage, and that
normal and reversed cleavage will differ only in the transposition of the
lateral granddaughter cells; e. g. in the case under discussion a"2 and
a" would be in a case of reversed cleavage transposed. Owing, perhaps,
to the unequal distribution of the yolk, this typical arrangement is not
found in the sixteen-cell stage of Chiton as figured by Kowalevsky ('83)
and Metcalf ('93), though it can be traced in the later stages. Metcalf
says of this phenomenon, " Each cell then lies in tJe same meridian as
its grandparent, - a fact shown more clearly in the cleavage of such eggs
as those of Nereis and Crepidula."   It is at once evident that this is
but a partial and misleading statement of the case, since it ignores the
fact that there are four granddaughter cells of every blastomere. It has
its explanation in the confusing custom adopted in previous systems of
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nomenclature of regarding the larger of two daughter cells as the mother,
the smaller as the daughter. In reality both are daughter cells, and
the mother ccll has passed out of existence with their origin, a fact
whlih a logical system of nomenclature of cell lineage must always
recognize.
 
                SIXTu GENERATION. THIRTY-TWO CELLS.
  Following the formation of the sixteen cells of tho previous generation
there comes the usual rounded condition in which each blastomere asserts
its individuality and diverges from its nearest of kin. This in turn is
followed by the flattened condition, in which the spherical contour of
the egg as a whole is restored. It is during this period that the spindles
which begin the formation of the sixth generation first'appear. As in
the previous generation there was a lack of synchronism in the cleavage
of the two quartets 4.1 and 4.2, as shown in the nuclear conditions of
Figures 20 and 21 (Plate III.), so here there is a similar separation
of the divisions of this generation into two mitotic periods, the first
appearing in the largest cells of the embryo, viz. the two quartets at
the vegetative pole, and resulting in the twenty-four-cell stage ; the
second involving the animal hemisphere, and resulting in the thirty-two-
cell stage, thus realizing in this stage Warneck's ('50) conclusion that
cleavage progresses according to the ago of the cleavage spheres. The
first phase is separated from the second by a period in which ail tho
nnolei are in a resting condition. This period lasts some hours, and
hence it is that cleavage stages killed at random contain a large pro-
portion of eggs in the twenty-four-cell stage.
 
 
             Division of Quartet 5.1, forming 6.1 and 6.2.
      Plate III. Fige. 23-25; Plate IV. Figs. 27-32; Plate V. Figs. 33-36.
 Figure 23 (Plate III.) shows a lateral view of an egg at the completion
of the first mitotic phase. The quartet 5.1 has divided, forming 6.1 and
6.2. Applying the test as in previous generations, it is readily seen that
this is a right spiral. The remuants of the nuclear spindle and tho
asters leave no question as to the relationship of the cells in this egg.
The upper derivative lies to the right ofthe lower-one in every case.
Reference to the quartets 6.1 and 6.2 in Figures 27-29, 31-3 , 36, of
four other eggs, shows the constancy of the direction of this spiral. Tho
division in this quartet is about equal, and is synchronous in the four
quadrants.
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            Division of Quartet 5.2, forming 6.3 and 6.4.
                       Same Figures as for 5.1.
 Figure 23 shows the quartet at the close of the division which has
resulted in the formation of the quartets 6.3 and 6.4. The nuclear con-
ditions in like manner show that this division has also taken place in a
right spiral. The renmants of the spindles are parallel to those of the
quartet 5.1, and the upper derivative lies to the right of the lower one.
These divisions are also approximately equal and synchronous. The
arrangement of the cells of the vegetative pole is very regular. The ven-
tral cross furrow remains approximately at right angles to the dorsal
furrow. The two cells b61 and d6' meet in this ventral furrow, and are
hexagonal in outliie, while the other two members of the quartet a6'
and c61 are pentagonal. All four cells of the quartet 6.2 are hexagonal,
as will be seen in Plate IV. Figs. 27-29, and 31. A comparison of the
quartet 6.1 of Figure 27 with 5.4 of Figure 28 shows how little differ-
ence there is in the size of the cells of the two poles in the superficial
view. In optical section, however, a distinct difference can be detected
in the size of the deeper lying parts of these cells. In Figure 30 (Plate
IV.) is represented such a section taken from the egg in the position
shown in Figure 29. The section passes through the vertical axis in
the plane eorresponding to that of the paper in Figure 29, thus cutting
the ventral cross furrow at right angles, and passing through the quad-
rants b and d. It will be seen that one of the two cells of the vegeta-
tive pole, labelled d6'1 in the drawing, is much larger than the other, b'1.
This is the cell which at the next generation gives rise to the first
mesoderm cell, d7', or M.
  The generalization which Rabi made in his paper on Planorbis ('79);
- "dass bei den Keimen mit reichlichern Nahrungsdotter von dem Zeit-
punkte an, als Aequatorialfurchen auftreten, die Zellvermehrung in
arithmetischer, bci den Keimen mit spirlichemn Nahrungsdotter dagcgen
zuerst in arithmetishler, sodann aber in geometrischer Progression
erfolgt," - is not borne out by the cleavage in Limax, as tlh twelve-cell
stage does not regularly occur. The cleavage in Limax runs,
      4 ..8   . . .  16 .  .  .  24  . . . . . . .  40.
or,  (4) : (4) : (4)    (4) : (4)+(4) : (4)      (4) +  (4) +  (4).
This is fundamentally an arithmetical progression, a series whose conimon
diffrence is four, the mathlematical expression of the increase in the
number of cells in the spiral type of cleavage. It varies, however, from
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the strict arithmetical series in that a multiple of the common difference
is sometimes added as a result of the approximated or even synchro-
nous division of two or more quartets. Thus the series may in some of
its parts, like the twelve- to twenty-four-cell period of Planorbis, take
the form of a geometrical series; but this is not fundamental, and, as
Warneck in 1850 expressed the law, " In jedem Stadium des Furchungs-
processes entstehen nur vier Furchungskugeln, d. h. die Theilung geht
nicht in einer geometrischen sondern einer arithmetischen Progression
vor sich."
 The general contour of the egg in the twenty-four-cell stages figured
(Plate III. Figs. 23-25, Plate IV. Figs. 27-32, Plate IV. Figs. 33, 34)
has been spherical, the transverse and vertical diameters being approx-
imately the same. In the period leading up to this stage, however,
eggs are found showing a considerable flattening in the dorso-ventral
direction, i. e. a shortening of tho vertical axis. In one egg showing
the flattening, the dorso-ventral diameter was 70 , and the transverse
120 p. This change may be dependent upon an elimination of such a
cleavage cavity as is shown in Plate V. Fig. 34. A similar flattening is
often found in those eggs in which the divisions leading to the forty-
cell stage are taking place. These divisions will now be discussed.
The order of their discussion does not, however, indicate their chrono-
logical succession.
 
             Division of Quartet 5.3, forming 6.5 and 6.6.
                       Plate VI. Figs. 37, 39, 41.
 The division of this quartet does not take place, in some instances at
least, until after the forty-coll stage ; i. e. it is accompanied by divisions
of the succeeding generation in other quartets. Sec Figures 39 and 41.
In Figure 39 the cells a•' and dC3 have divided, and b"' is in a mitotic
state, but c6' is as yet undividcd. In b'3b the end plates have been formed,
but the cytoplasm is net yet constricted. The axis of the spindle lies
parallel to the plane of the equator. There is every indication that the
division is very nearly meridional. Figure 39 has forty-two cells; in
Figure 41 there are forty-five cells; here, however, it is cells a"' and
d"3 that have but recently divided, the other cells of the quartet having



evidently been divided for somo time. Thus there is no constancy as
to the sequence in which the cells of this quartet divide. In Figure
41 (Plate VI.) this division still shows some slight traces of a right
spiral. Figure 37 (Plate VI.), a forty-cell stage, is described in my notes
as containing the cells a6's-d66, a6-(d6"5, but owing to the rotundity
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and opacity of this egg the details in the periphery, i. e. the region of
the cells in question, are very much obscured, and I consider this doter-
mination questionable.
  The comparison of the division of this quartet with the corresponding
one in Nereis is very interesting. In Nereis, as in Limax, the division
is nearly meridional, and with traces of a right spiral. In this instance
it takes place at the twenty-nine-cell stage, and the produets form the
prototroch. In Umbrella it does not take place till the sixty-five-cell
stage, and here also exhibits an obscure right spiral. (Sec Tables of
Cleavage, pp. 66, 74, and 75.)
 
             Division of Quartet 5.4, forming 6.7 and 6.8.
             Plate V. Figs. 35, 30; Plate VI. Figs. 37, 30, 41.
  This is one of the first divisions to follow the twenty-four-cell stage.
Figures 35 and 36 (Plate V.) show it in progress; Figures 37, 39, and 41
after completion. It takes place in a very evident right spiral, the upper
aster and derivative lying to the right in every case. The division is
approximately equal, but is not synchronous in the different quadrants,
as is shown in Figures 35 and 36. In Figure 35 all the cells of this
quartet have divided except a"4; the quadrant c, judging from the size
and position of the daughter nuclei, bas evidently led in the division.
In Figure 36, b"' is the only one which has divided, resulting in b" and
b6'8, the other cells containing spindles. It is evident from these two cases
that it is impossible to predicate any regular sequence in the successive
divisions of the quadrants of this quartet.
  This completes the discussion of the cleavages of this generation. It
will be noted that ail of the divisions clearly take place in a right spiral,
with the exception of that of 5.3, and that this, though predominantly
meridional, still shows traces of a right spiral.
 
               SEVENTH GENERATION. SIXTY-FOUR CELLS.
  As was stated in my earlier paper ('94, p. 188), the divisions of this
generation begin before those of the sixth are completed.
 



             Division of Quartet 6.1, forming 7.1 and 7.2.
                       Plate VI. Figs. 38, 40, 42.
  The division of this quartet is the point of greatest interest in the
cleavage, as it results in a differentiation of the germ layers, or at least
in a separation of the primary mesoderm from the ect-entoderm.
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 In spite ofthe examination of a large number of eggs, and tho repeated
killing of those whose age and approximate stage were known, I have not
been able as yet to obtain an egg showing the spindles resulting in this
division. Figures 38, 40, and 42 (Plate VI.) all represent stages sub-
sequent to the formation of M, and the other members of the quartet
7.2. There is some evidence, however, as to the character of the divis-
ion. Figure 38 is a view of the vegetative pole of an egg of forty cells.
The four central cells have seven peripheral neighbors. Deeper focusing
reveals the presence of a large nucleus, lying within a definite cell
boundary. This is quite below the level of the nuclei of the vegetative
quartet. Its nucleus lies below and slightly nearer the median plane
than that of d7'. The superficial extent of this deeper lying cell is
limited to a narrow strip adjoining the cell with which it has arisen,
i. e. it is peripheral to d'1. The other members of the quartet 7.2 are
present, and when the test for the spiral is applied it is evident that
this is a left spiral, though the amount of the shifting is evidently not very
great. It is quite plain that in this case the cell d7', which gives rise to
the mesoderm, cornes from d6' at the time of its division into d"1 and
d7'2. As in previous stages, the quartets d and b are in contact at the
ventral cross furrow.
  Figure 40 (Plate VI.) represents a forty-two-cell stage which has
recently been the scene of a number of divisions.   Here, as in the egg
just discussed, the cell d7' is very large, and is crowded in toward the
centre of the egg, lying below d'1 and slightly nearer the median plane.
It maintains a small crescentio connection with the exterior, between
d7'" and d6'3. The other members of the quartet 7.2 are present, and



show about the same nuclear conditions that d7' (-- M) does. They
are therefore of about the same age. The divisions of the cells of the
quartet 6.1 in this egg have evidently been very nearly equatorial, and
unless there should be at a subsequent period some shifting of the
mesoderm to a position nearer to the median plane, - as adopted in this
paper, - it would be necessary to orient this egg as Rabl and Blochmann
have oriented Planorbis and Neritina. Judging from the nuclear condi-
tions the division has taken place quite recently. Eggs of later stages
show that the mesoderm is generally placed bilaterally with reference
to the cross furrows and the prevailing quadrangular form of the egg
of those stages. The division of this quartet is in all cases unequal, the
smaller cells lying at the vegetative pole.
  The conditions of the egg shown in Figure 42 (Plate VI.) were for a
long time very puzzling to me. It contains forty-five cells, which
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readily group themselves into quartets. A median deep-lying mesoderm
cell is present, as in the egg last described, but the relations of the cells of
the quartet of the vegetative pole to this cell and to one another are differ-
ent from those of the other eggs, in the following respect : the cells which
meet in the ventral cross furrow are a7'1 and c71, instead of d7' and b671, as
in the other two eggs figured. Repeated trials failed to give any other so-
lution which would accord with the conditions in the other parts ofthe egg.
The juxtaposition of the quadrants a and c occurs normally in the reversed
type of cleavage (see Figs. C and D, p. 53), and the possibility is at once
suggested that this egg may have had reversed rather than unreversed or
normal cleavage. Other parts of the egg, however, furnish no corroborative
evidence, and the suggestion must be dismissed. I believe, then, that
owing to seone cause, mechanical or other, a change in the normal rela-
tions of the cells of the quartet to one another has been brought about.
This has naturally raised the question as to the constancy of the cross
furrows, upon which the orientation of the egg so largely depends.
This case in Limax is not an isolated one, for in Nereis, where, as has
already been pointed out, the dorsal furrow is formed in the early stages



of cleavage by the apposition of the quadrants a and c, we find this
normal arrangement disturbed in one instance, the furrows being formed
by the quadrants b and d (Wilson '92, Plate XIV. Fig. 19, p. 390). In
the later stages, i. e. after the cells of the seventh generation appear at
the animal pole, the dorsal cross furrow is normally formed by the
apposition of b and d, but in one case (Wilson 1. c., Plate XVI. Fig. 35)
we find this arrangement disturbed, the cross furrow being formed by a
and c. This disturbance is also accompanied by the mitotic conditions
of neighboring cells.
  Another case occurs in Neritina (Blochmann '81, Taf. VII. Figs. 51,
53, 56), in which two eggs - one a thirty-six-, the other a forty-cell
stage - present cross furrows formed by the apposition of different pairs
of quadrants. There is not here, as in Nereis, an intervening mitosis to
explain the disturbance of the customary order.
  In Lang's ('85) Taf. 34, Figs. 14, 15, we find a similar transposition
from the usual arrangement of the apical quartet, accompanied in this
case by mitosis in adjoining cells. In view of these cases it seems not
improbable that there bas been in this Limax egg a disarrangement
of tho normal condition at the vegetative pole, as a result perhaps of the
recent divisions at that pole, the collapse of the cleavage cavity, or some
other mechanical disturbance.
  It seems almost certain that the primary mesoderm ooll, d7'2 (M), is
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formed synchronously with the other members of the quartet to which
it belongs. In this respect Limax stands in sharp contrast to Nereis,
where the primary mesoderm cell originates at the thirty-eight-cell stage,
but the cleavage of the remaining cells of the quartet is long delayed.
Also in Umbrella there is a corresponding lack of synchronism, for tho
division of this quartet commences with the formation of d72 at the
twenty-five-cell stage, but is not completed until the forty-seven-clll
stage is reached. Likewiso in Planorbis the formation of the primary
mesoblast antedates the cleavage of the other cells of the same quartet.
 
             Division of Quartet 6.2, forming 7.3 and 7.4.
        Plate IV. Figs. 31, 32; Plate V. Fig. 35; Plate VI. Figs. 38, 40.
  Tho spindies resulting in this division are among the first to appear



in the twenty-four-cell stage. Figures 31 and 32 (Plate IV.) show
spindies in ail of tho cells of this quartet except a6"2, and in this tho
stages proparatory to the formation of the spindle are seen (Fig. 31).
The nucleus is vcry largo; the clromatic granules are distributed in a
network, and the nuclear membrane is still intact. At diametrically
opposite sides of the nucleus, in the long axis of the cell, and closoly
applied to the nuclear membrane, there are two large, clear spherical
spaces in the cytoplasm, bounded by a granular zone. These structures
are probably the astroccols of Fol ('9,1). The surface of the nuclous pre-
sents on one sido a peculiar constriction, or crease, running between tli
two astroeclis, as though they wero connectod by a strand of substance
(central spindle) which was compressing the thin nuclear memibrane.
  The spindies in this quartet, as shown in Figures 31 and 32 (Plate
IV.) are almost free from any inclination indicative of a spiral arrange-
ment. The one in b6' shows traces of a right spiral, but there is indica-
tion from the position of the spindles that the division will be equatorial
rather than oblique ; such indeed is the character of the division, as is
shown in c7", c7, Figure 35 (Plate V.). The order of nuclear advance-
ment in this quartet as shown in Figure 32 (Plate IV.), is b, d, c, a, but
in Figure 35 (another egg) the cell c has been the first to divide, whereas
in Figure 38 (Plate VI.), a forty-cell stage, the cell da is just dividing, it
being the last of its quartet to pndcrgo thi procoss. This secms to show
either that the cleavage in this quiartet Iprogresses very slowly, or, what
is more probable, that there is considerable variation in the sequence in
which its components divide. In the case of Figure 38 (Plate VI.)
there is strong indication of a lift spiral; so also a slight indication of
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the same in Figure 40, a7", a74. In ail the other figures the division
seems to be equatorial. A     comparison with Nereis reveals in this
instance the saime marked agreement noted for the meridional cleavage
of the quartet 5.3. In Umbrella this division takes place at the twenty-
nine-cell stage, and is also equatorial.
 
             Division of Quartet 6.3, forming 7.5 and 7.6.
                         Plate VI. Figs. 41, 42.
 This division is in progress in the quadrant c in Figures 41, 42, and



the other meinbers of the quartet are also approaching mitosis. There
is a faint trace of a left spiral to be detected in the position of c7"6 and
c76 of Figure 41, but the division is predominantly equatorial.
 
            Division of Quartet 6.4, forming 7.7 and 7.8.
                      Plate VI. Figs. 39, 40, 41, 42.
 In the two eggs figured the spiral is clearly shown by the relative
position of the nuclei to be a left spiral. Thus all the spirals of this
seventh generation, wherever they have been traced, have been left
spirals.
 With this forty-five-cell stage my detailed account of the cleavage
closes. I have not been able to decipher satisfactorily the conditions in
the eggs of the next stage, because during this stage a large number of
cells divide, - in one instance as many as thirteen.    Moreover, the
rounded contours of the mitotic cells produce such changes in the surface
of the egg as effectually to obscure ail trace of its poles, and the absence
of polar globules, of macromores, or of any "landmarks " whatever for
orientation, makes any interpretation of these later stages at the best
provisional, and very largely conjectural. Added to these difficulties is
that produced by the vacuolation which prevailed in a very large pro-
portion of the eggs which I have examined. This distorts and obscures
the relation of cells to such an extent as to make a determination of
their lineage extremely difficult, if not impossible.
 As late, however, as the hundred-cell stage, when four mesoacrm cells
are present, it is possible on favorable eggs to work ont a provisional
lineage, but I have not as yet succeeded in connecting this with the
forty-five-cell stage.
 Thus the outcome of my work as a study in cell linea/e is a disappoint-
ment, for I have not been able to trace a single blastomere to a definite
organ of the adult. At the stage of thirty-oight cells in Nereis, Wilson
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was able to assign a definite fate to each blastomere; but in Limax
there is no trace, save in the early differentiation of the mesoderm, of
that precocious development se marked in Nereis. This fact makes the
identity of the cleavage of Limax with that of Nereis all the more won-
derful and difficult to explain.



  I insert here (p. 66) a table of the cleavago of Limax, so far as I have
followed it, which epitomizes the foregoing discussion of the alternation
of spirals in successive generations of colls. The spirals, wherever they
occur, conform to the law of alternation as defined in my former paper
('94, p. 189).
 
               C. Literature on Spiral Cleavage.
  The conformity of other animais to the law of spiral cleavage bas in
ail cases been obscured by the systems of nomenclature employed.
Sinco no one of my predecessors has formulated this supposed law, it of
course has net been tested on any of the forms whose cleavage has been
worked out. It bas seemed desirable, therefore, to go over the available
literature and point. out those cases which agree, and those which seem
to disagree with my proposition.
  In order that the subject may be treated in as brief a form as possible
the discussion of each case is accompanied by a tabulated prescntation
of tho cleavage, in which the author's designation of cells and spirals is
joined in parallel columns with the designation which my system would
impose.
  In my former paper ('94, pp. 192-196) the conformity of the cleavage
of Neritina, as described by Blochmann ('81), to the alternation of spirals
was discussed, and the cleavage tabulated. In what follows I bave
discussed all other cases which seemed worthy of consideration in this
connection.
  Fol states ('75, p. 117) that Clio likewise bas the same regular cleav-
age as Cavolina, and his few figures of the carly stages of this form
suggcst that the cleavage is of the normal type. Cymbulia also seers
to conform to this type.
 Tho cleavage of the tHeteropods, which ho ('76) states is identical
with that of the Pteropods, is, according to his figures, of two types :
Firoloides (Plate I. Figs. 1-3) presenting the normal type, Pterotrachea
(Plate IV. Figs. 5, 6) the reversed type, if his labelling, indicntihg the
linea.ge, is correct. There is evidence, however, that some of the divis-
ions belong to the normal type (Plate IV. Fig. 9).
 voL. xxvir. - NO. 2.               5
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  As stated in my earlier paper ('94, p. 191), there are some indica-
tions in Rabl's work that Planorbis presents a case of reversed cleavage,
i. e. the cleavage is such that the spirals of the even generations are left,
and those of the odd right. Fol's ('80) figures of the eight- and six-
teen-cell stages of this Pulmonate (Plate IX.-X. Figs. 1, 2) indicate
that the spiral of the fourth generation is a left one, and that of the
fifth a right one.   My own sketches of Planorbis, made from living
 
                    CLEAVAGE OF CAVOLINA.
                               Fol ('75).
 
 
eggs in the spring of 1892, show the same direction in these spirals.
So far as can be judged from     these facts, the alternation of spirals
holds in this case, which is probably one of reversed cleavage.
  If the reversed spirals persist until the formation of the mesoderm, this
germ layer would then corne from the right posterior macromore, instead
  1 Fol does not name or discuss spirals. The nomenclature in this column is
deduced entirely from his lettering of the cells. After the third generation the
divisions of only one quadrant (I) are followed. In this, as in the following tables,
capital letters indicate macromeres, and the lineage of only a single quadrant (a of
the revised nomenclature) is given.
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of the left posterior one, i. e. if we adopt Wilson's orientation instead of
Rabl's. In the table given above it will be noticed that the mesoderrn
cell M is placed as a member of the basal quartet of the sixth generation.
It should be remembered, however, that Rabl in a later paper ('80)
rpvised this earlier opinion as to the origin of the mesoderm cell, deriving
 
                   CLEAVAGE OF PLANORBIS.
                             Rabi ('79).
 
 
it this time by division from the cell M of the above table. According
to this the mesoderm cell in Planorbis, as in many other forms, belongs
to the quartet 7.2. It seems to me that the orientation of the stages ol
Planorbis previous to the formation of the mesoderm is still an open
question. As I have stated in the discussion of Limax, the orientation
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 of the early stages depends on the estimated amount of shifting of the
 mesoderm cell upon the basal quartet a71 - d7a. There is evidence in
 Rabl's figures ('80, Taf. XXIX. Figg. 2, 3, 4) that there is at least some
 shifting, but whether it is sufficient to justify an orientation similar to



 that adopted by Wilson for Nereis cannot be decided from the evidence
 at hand. It is however sufficient to raise the question as to the cor-
 rectness of Rabl's orientation.
   In Planorbis the asymmetry of the adult is sinistral ; s also in Physa
hoterostropha, whose segmentation likewise shows the saine phenomenon
of reversed cleavage, as I can affirm from nmy own observations on the
living egg.1 In my former paper ('94, p. 191) I called attention to the
faet that IIaddon ('82, Plate XXXI. Fig. 6) figures a four- to eight-cell
stage of Janthina which apparently presents a left spiral, i. e. the reverse
of that found in a corresponding stage of Limax and other dextral forms.
But according to Fischer ('80-87, p. 775) Janthina is a dextral form.
These cases of Planorbis, Physa, and Janthina at once raise a most inter-
esting question as to the relation that may exist between the two forms of
cleavage, normal and reversed, and the dextral or sinistral asymmetry of
the adult. The occurrence of reversed cleavage in these two sinistral
forms is suggestive of a causal relation between the conditions of the em-
bryo and the adult, but the existence of this one observation of Haddon's
is sufficient to throw much douht on that conclusion. There romains the
possibility that on renewed examination the cleavage of Janthina may
prove to be normal, and that this case of IIaddon's may be referred to a
chance sinistral form. In answer to an inquiry of mine, Dr. J. I. Peck
of Williams College has kindly written, " I have never seen a sinistral
Janthina; ail of those which came under my observation ('93) were
dextral : all of those in our collection here are dextral also, as were
those I saw at the Museum at Yale. These were of four species, I think,
and collected at different points of the Atlantic and Pacifie, both Arctic
and Tropical. I have, however, probably not seen enough material to
expect a sinistral individual."  Of the two or three hundred shells of
Janthina, representing several species, in the Museum collection, not one
is sinistral.
The data for the discussion of this interesting question are as yet too
scanty to justify any generalizations. The examination of the cleavage
in such genera as Fulgur and Achatinella, which contain both dextral
and sinistral forms, as well as that of heterostrophic species, ought to be
decisive upon this point, where we have as yet so little light.
                 1 Consult also the Addendum, page 111.
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CLEAVAGE OF APLYSIA.
     Blochmann ('83).
 
 
 In the above table the labelling of cells indicated in the second col-
umn is that given by Blochmann to cells which seem to be homologous
with those of quadrant A.
 The cleavage of Aplysia, so far as followed by Blochmann, resembles
very closely that of Umbrella. If we interpret the clcavage as Heymons
bas that of Umbrella, we find that here also the posterior and smaller
cell of the two-cell stage divides first; the mesoderm' quadrant D
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  (labelled c by Blochmann) also precedes in some instances in the later
  divisions. The yolk, however, is confined mainly to two of the macro-
  meres, A and B, instoad of being lodged principally in three, A, B, and
  C, as it is in Umbrella.
    All attempts to reconcile the cleavage of Chiton, as described by
 Kowalovsky ('83) and Metcalf ('93), with the alternation of spirals
 shown in other forms of Molluscan cleavage are involved in serious
 difficulties. Unfortunately neither author figures nuclei or spindles,
 with the exception of one figure in each paper. The relationship of
 cells and the direction of the spiral is also explicitly stated in certain
 cases to be a matter of conjecture on their part. Therefore it does not
 seem profitable for me to add to their conjectures others of my own.
 It is however possible to force upon the cleavage of Chiton, as figured
 by these authors, an interpretation which causes it to accord with the
 spiral type of cleavage, but this interpretation meets a serions obstacle
 in the sixtecn-cell stage, though it does not violate the relationships
 of cells in the fcw cases whero these authors have indicated relation-
 ships by nuclear conditions (Kowalevsky, Plate I. Fig. 7, Metcalf, Plate
 XV. Fig. xvii.).
   I do not wish to commit myself to the view that Chiton conforms to
that type, for, as Metcalf bas suggested, " most of the divisions are
of the radial type." The distribution of the yolk in the b1astomeres is
also suggestive of the radial type. There are, however in Kowalevsky's



figures (Plate I. Figs. 4-13) many suggestions of spiral cleavage. In
Metcalf's figures, on the other hand, "individual variations in the shape
of the blastosmeres are not preserved. 'The figures show what may be
called the typical condition."  Thus most of the evideice of spiral
cleavage, if such exists, must be eliminated from his figures.
  The cleavage of Discoclis conforms to the spiral type and the alter-
nation of spirals, with the possible exception of the spiral of 7.15-7.16,
to which reference was made in my former paper ('94, p. 196). It is
necessary to relabel Figure 6 of Lang's Tafel XXXV., in order to reconcile
it with the apical views which he has given of the saine stage, and also
with the principle of alternation.
  The conformity of the cleavage of Noreis to the law of alternation of
spirals is perfect, as is demonstrated by the application of the uniform
system of naming spirals in the above table. Even in those cleavages
designated as equatorial or meridional, traces of the spiral characteristic
of thi generation can often be detected.
 The Noreis table is marked by the abrupttermnination of the spiral
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              CLEAVAGE OF DISCOCCELIS.
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CLEAVA(E 0F NEREIS.
      Wilson ('92).
 
 
  WILSON', NOMENCLATURE.
-
  Spirals.      Cells.
 
 
              .3
   Left.            al >    a
 
            a .2.2
   Left.     .      a .2
 
 
 
           1.1.1.2
 Vertical.  ...'    a<11.1
 
 
 
Horizontal.       >  a2.
 
Iorizontal.       >  aa
 
  Left.          >   D
 
 
  Left.
 
Meridional.
 
  Left.
 
  Right.
 
 
 
  Riglit.
 
  Left.
 
 
 
  Riglt.
 
 
ai



 
1         .1 >01.
 
 
 
 
 
 
 
a.1
 > A
 0>A
 
 
 lA -
 
 
A, B, C, D.
 
 
AB, CD.
 
 
VI.
 
 
 
 
 
 
 
 
V.
 
 
 
 
IV.
 
 
II.
 
 
II.
 
 
Number
 of
 Celle.
 
 
 
 33
 
 
 
42-58



 
42-58
 
37 +
 
 
 20
 
 29
 
23-32
 
23-29
 
 
 
16
 
16
 
 
 
 8
 
 
 4
 
 
 2
 
 
REVISED NOMENOiLTURE.
 
 
Cells.        Spirals.
 
 
Ks.     a7.1
 
 77.. a .14
   (" < 7.12
   S   a7.1
 
 
 
S0.1 < 1T.1
 
 
D6.   d.- .
 
 
1.2    a 7'
 
 
 
 
a5." < ,,/



   as,
 
   \ 70.6
 
 
 
 
 
 
AA 81
4.2 \ a5.4
A a.a
 
A, 4, C, D.2
 
 
 
      .A4.1
 
 
A, B, C, D.
 
 
A B, CD.
 
 
 Left, c and d
   precede.
 
   Left.
 
   Equatorial.
 
   Meridional.
 
Left, d precedes.
 
  Equatorial.
 
  Equatorial.
 
Left, D precedes.
 
 
 
   Right.
Right, approach-
ing meridional.
 
Right, d precedes.
 
Right, C and D
   precede.
 
 
   Left.
 



Left, D precedes.
 
 
Right, C and D
 preecde.
 
 
   Left.
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                     CLEAVAGE OF UMBRELLA.
                             Heymons ('98).
 
 
HEYMONB'S NOMENCLATURE.
 
 
   Spirals.
 
 
 
   Right.
 
 
 
 
 
Left, a and b.
Merid., c and d.
 
 Meridional.



 
 
 
 
 Like Nereis.
 
   Right.
 
   Left.
 
   Left.
 
   Left.
 
   Left.
 
   Left.
 
   Right.
 
   Right.
 
   Riglit.
 
   Right.
 
   Left.
 
 
   Right.
 
   Left.
 
 
I
 
 
I
 
 
    Cells.
 a"l.> a",
 a1    "
|;;1.2 "^ azl^
a"1.2.1
 a"1    a"
 a" 1.2-   1
 a" >    a"
 
 a"a"
 
 
 at.1 >  a'
 
 
 
 Not figured.



 
 ai"
 
 
 a>1     a"
 
 
 
 
 
 
   a>/a'~
   a"'   "
 
   "' >  a'
   a',a
 
 
   a'1. >  a
 
 
 
   a:: > a,
 
   a'l
 
 
 
   d> AA
 
   A, B, C, D.
 
   AB, CD.
 
 
     Number      REVIsaD NOMENCLATURE.
Gencr-  of
tion   Cells.    Cells.         Spirals.
                   09,28
       75   a8'.14 < .      Meridional.
IX.                 9.26
       79   as.13 .a         Left.
 
                7  a814     Equatorial,
       51    a7    a8.1    trace of right.
 
       55    a7'6    .      Equatorial.
VIII. 40-59    7.4 <- as'8 Rigtit, a and b.
 VIII. 40-5  a7     .     Merid., c and d.
       67  .a7. <   a8 .6   Meridional,
                   as'5   a and b precede.
                 S A8-.      Bilateral,
      91 +  A-1     A8'1   trace of right.
 
 
      91 +   ae<    aT.15     Left.
 



      71       .7   a1        Left.
                 a"81       Left, b and
       33    a"' <  a77      c precede.
VII.         a      a, a7.6 Left, b and
       37    a8 <,a-6        d precede.
                    a94     Equatorial,
       29    ac62 < a 0.    trace of left.
 
       26-47 A6'. < :I   Left, D precedes.
 
       44    a6'4< :7         Right.
                   a6.    Equatorial, approach-
        65   a6      6.     ing bilal, c and
                        d precede.
 
        S 24 a52 <    .       Right.
 
        16          a<62" Righlt, C and D
             16 A   A<.l     precede.
 
        20    4 a42 6         Left.
 V.                  6.2
        12   A4'       .      Left.
 
IV.      8     A       1      Right.
 
III.     4    A, B, C, D.     Left.
 
II.      2     AB, ()D.      C/) prccedes.
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period in the seventh generation. The cleavages of the following gen-
erations are meridional or equatorial, and belong to the bilateral period.
Another noticeable feature is the general precedence of the mcsoderm-
producing quadrant d in the cleavages of the varions quartots.
  The bilateral period in the cleavage of Umbrella is not so sharply
marked off from the spiral period as it is in Nereis; in Umbrella spiral
cleavage occurs as late as the ninth generation. In Nereis it ceases in
the seventh. The quartets 5.3 and 6.2 in both forme are the ones in



which the spiral character of the division first gives way to the merid-
ional and equatorial cleavage, - characteristio of the bilateral period.
  Tho cleavage of Umbrella, lile that of Nereis, presents no contradic-
tions to the law of alternation of spirals. This striking agreement of
Noreis, Umbrella, and Limax must far outweigh any seeming contra-
diction arising in the work of the earlier writers upon spiral cleavage.
It is only necessary to apply the proposed system of nomenclature to the
careful work of Wilson and Heymons to make clear at once that the
alternation defended holds good. The system of nomenclature employed
in this papcr facilitates the demonstration of the alternation of spirals
in successive generations of cells ; but the alternation itself is a factor
independent of more names. It is the findamental basis of the so
called " spiral type " of cleavage. A recognition of this fact might well
be embodied in nomenclature, and alternating cleavage substituted for
the amibiguous and misleading terrm " spiral cleavage."
 
 
                       D. The Mesoderm.
 
  In the forty-four-cell stage, at which the discussion of the cleavage of
Limax was dropped, the germ layers are alroady differentiated. The
quartets 7.3, 7.4, 6.3, 7.7, 7.8, 6.5, 6.6, 6.7, 6.8, are pire ectoderm, the
quartet 7.1 and three fourths of the quartet 7.2, viz. a72, b"2, and c7', are
entoderm, while d72 is the sole representative of tlie middle germ layer.
 The seovn entoderm cells and their progeny conme to lie in the region
of the blastopore, and with tlie invagination are carried in to form the
lining of the archentoron. Tho primary mesoblast divides bilaterally,
i. e. in the median plane of tho embryo, shortly after the forty-four-cell
stage. The two mesoblasts retain a slight connection witl the exterior,
and at tio ninoty-coll stage have each divided transversely, the periph-
eral and posterior pair of cells are the smaller, and retain a sliglt con-
inection with tli exterior.   hlie next division occurs in the antcrior
pair. Tlio cells of tho mesoderm continue to multiply until there are
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formed upon either side of the median line, extending forward from the
posterior lip of the blastopore, two lateral bands of mesodermal elements.



These bands are shown in longitudinal section in Figures 48, 49, and 50
(Plate VII.); in transverse section, in Figures 45 and 46. In Figure 48
the band consists of five cells, the posterior one of which in this stage
is the largest. The band is somewhat curved, so that the anterior ends
diverge from the more closely approximated posterior cells. In Figure
50 the lateral band contains six cells, the two at the posterior end
being in a mitotic state. The position of their spindles is significant of
the manner in which the bands have arisen, viz. by proliferation
anteriorly from the posterior cell and its products. The " pole cell "
as such is not sharply distinguished from the rest of the band by its
size, as it is in Umbrella and Nereis. The position of the nuclei of two
of the cells is suggestive of a division in a plane coinciding with the
axis of the band. I have however never found a spindle in a plane
perpendicilar to that axis, though spindles parallel with the axis of the
band are frequently found.
 I have seen no evidence whatever that any of the cells of these meso-
dermal bands are derived from any other source than the primitive
mesoblast, d'2. It is of course impossible to prove that none of the
cells can have corne from the external layers, either by migration inward,
or by the division of a superficial cell in a plane parallel to the surface;
but in the absence of any evidence that this does take place, and with
such proof as Figure 50 (Plate VII.) gives, it seems not nnreasonable
to hold that the entire mesoderm is derived from the one cell, d7 . A
comparison of the origin and development of the mesoderm in Nereis
and Limax shows a precisely identical origin in the two forms. In
Nereis, however, the mesoderm    shares in the generally much more
accelerated development, so that, although it appears at about the saine
cell stage in both forms, the relative numbor of mesoderm cells in Nercis
in the later stages is much greater than in a corresponding stage of
Limax. The accelerated division of the mesodermal quadrant (D) in
the cleavages of the different quartets, as noted by Wilson and shown
in the table of the cleavage of Nereis, may be a manifestation of this
same accelerating force. I have not been able to find any trace of such
a differentiation in the cleavage of the quadrants in Limax, wihere there
are no early appearing larval organs and little acceleration in the devel-
opment of the mesoderm. On the other hand, Lillie ('93) has been
able to establish in Unio the same tendency of the quadrant 1) to
prcede in division; but in Unio again there is a very early develop-
 
�

 
 
 

[Begin Page: Page 77]
 
 
 

 
 
 
 
 
 
 
 
KOFOID: DEVELOPMENT OF LIMAX.
 



 
ment of larval organs. In Umbrella this tendency is not so marked, and
here definite protoblasts are not distinguishable as early as they are
in Nereis.
  The later history of the mesoderm will be discussed in connection
with the subject of gastrulation and the fate of the blastopore. There
is never developed within these mesoblast bands, at aiy period of their
history, a lumen, either such as Erlanger has described for Bythinia ('92)
and for Capulus ('92a), or of any other kind. The bands later lose
their distinctness and break up into loose mesenchyma in which it is
no longer possible to distinguish pole cells. The mesenchyma cells
make their way between the ectoderm and entoderm layers, and by their
multiplication and accumulation in different regions exercise a profound
influence upon the form of the embryo. The obliteration of the meso-
blast bands by this process renders the determination of the relation of
the axes of these bands to the axes of the adult very difficult.
  Inasmuch as both Erlanger ('91) and IIeymons ('93) bave recently
given very full and satisfactory reviews of the conflicting literature on
the origin of the middle germ layer in the Mollusca, it hardly seems
necessary for me to go over the same ground. It will suffice in passing
to call attention to the identity of ry results, as to the origin of this
layer in Limax, with those of Heymons ('93) on Umbrella, Lillie ('93)
on Unio, Conklin ('91, '92) on Crepidula, Bloohmann ('81) on Neritina,
and Rabl ('79) on Planorbis, making allowance of course for possible
diffcrences in the case of Planorbis due to reversed cleavage. It seems
very probable that the mesoderm may have a similar origin, i. e. from
d•", in the Pteropods (Fol '75 and Knipowitsch '91), in Aplysia (Bloch-
mann '83), and in Fulgur (McMurrich '86).
 
 
                E. Theoretical Considerations.
 Tho question as to the relation existing between the method of forma-
tion of the mosoderm describod by Erlanger for Paludina and Bythinia,
and the type presented in Umbrella, eau find its satisfactory answer only
in an examination of these first named forms from the cytogenetic stand-
point. As the matter stands now, we are compelled to deny the morpho-
logical significance of the precise method of the origin of the middle
layer, if wo maintain its homology even within the group of the
Mollusca.
 The method of origin of the mesoderm in Cyclas, as well as tho
cleavage according to Stauffacher's description ('93), presents the mate-
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rial for an interesting comparison with that of its near ally, Unio. In the
latter case the cleavage is spiral (Lillie '93), and the mesoderm (adult)
cornes, as in other cases of spiral cleavage, from d72. In Cyclas, on the
other hand, is found a unique type of cleavage, mesenchyma appcaring
early, possibly at the seventh generation ; but the " mesoderm," as dis-
tinguished from  the mesenchyma cells, appears much later, and is not
separated from the entoderm before its bilateral division. Such a case
as this shakes one's faith in homologies based on forms of cleavage or
cell lineage. Indeed, it seems impossible in the face of these conflicting
results to assign to these phases of embryonic development any definite
phyllogenetic significance. On the other hand, the identity of the
cleavage processes among certain of the Mollusca (Umbrella, Unio, Cre-
pidula, Neritina, and Limax), and the similarity of cleavage in these
to that of an entirely different group of animals, viz. the Annelids, are
phenomena not easily banished from the thought. They must bave sonie
significance, some common cause. To my mind the appeal to simple me-
chanical principles as an explanation of the phenomenon which, broadly
speaking, we call the spiral, or alternating, type of cleavage, affords little
satisfaction. If the principle of "the resumption of the spherical form,"
or that of " minimal surfaces of contact," prevails in one egg, why should
it not in ail eggs? We find the spiral type occurring in eggs with no,
with little, or with much yolk, and the yolk, when present, variously
distributed in the blastomeres; yet the spirals occur with absolute
certainty and in a definite manner. Other eggs, presenting apparently
the same mechanical conditions, cleave in accordance with an entircly
different system, radial or bilateral, in both of which adaptations to
mutual pressure may occur without a distinct spiral.
 We can find a satisfactory explanation of the bilateral type of cleav-
age. It is simply an accelerated victory of a force which sooner or later
dominates every developing egg of the Bilateria. Thus it is that tho
spiral type itself gives way to the bilateral, as Wilson bas so well shown
in Nereis.
 It must be evident to ail that the spiral type is very prevalent among
the Trochozoa, i. e. among forms in which a free-swimming larva is early
devcloped.
 Thus, in Nereis at the thirty-eight-cell stage, not only are the germ
layers completely differentiated, but most of the individual blastomeres
are set apart as protoblasts from which definite organs or parts of the
adult body are soon to arise. This occurs about five hours after fertili-
zation, and at ten to eleven hours after that event the larva begins to
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rotate. Here we have a complete histological differentiation, while as
yet only a comparatively small number of cells are present. Whether
or not there exists any causal nexus between precocious development
and the spiral type of cleavage, is a question upon which experimental
embryology may be destined to throw some light; as yet experimenta-
tion bas been confined to eggs having the radial or bilateral form of
cleavage.
  The three forms of cleavage, radial, spiral, and bilateral, are undoubt-
edly connected. Wilson ('93, p. 600) has suggested that the spiral
type is a modification of the radial, and owes its peculiarities to mechan-
ical conditions. I would also suggest that spiral and bilateral types are
vory intimately connected. The spirally cleaving egg is essentially
bilateral from the time that the first cleavage plane appears, and an
inspection of the tables of the cleavage of Nereis, Umbrella, and Limax
shows that the embryo becomes predominantly bilateral as the spiral
cleavage fades out. In Nereis the transition from the spiral to the
bilateral period is abrupt; in Umbrella and Limax the two periods over-
lap during several generations. The cleavages which succeed those of
the spiral type are meridional and equatorial, and I believe are to be
referred to the bilateral rather than the radial type; indeed, in some
cases, as in the division of 5.3 and 7.1 in Umbrella, the division ap-
proaches very closely the typical bilateral cleavage of the tunicate egg,
i. e. is symmetrical with reference to the median plane of the embryo.
Wilson ('92, p. 391) bas referred the meridional cleavage of 5.3 to the
radial type.  In Nereis this quartet divides before the mesoderm
appears ; in Umbrella and Limax after it appears. When, however, in
Nereis the quartet 7.15 divides equatorially after the mesoderm   is
formed, Wilson refers this division to the bilaterai type. It seems
to me that all these equatorial and meridional cleavages succeeding the
spiral divisions both before and after the mesoblast appears must be
referred to the bilateral period of the embryo and to the bilateral type
of cleavage.
 The precise agreement of Umbrella, Nereis, and Limax in these first
bilateral cleavages is evidently something more than mcre accident.
The meridional character of the division in two of the cases (Limax and
Norois) suggests the possibility of sirilar mechanical conditions. But
if all the conditions in the two cases are compared more closely, it
becomes clear that there are important differences. The cleavago in
question takes place in Nereis at the twenty-nine-cell stage, in Limax
at the forty-four, and a comparison of Figure 39 or Figure 41 (Plate
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VI.) with Wilson's Plate XV. Fig. 23 shows at once the great diffrence
in the shape of the egg, and the mechanical environment of the cells
under consideration. The evidence in this case, therefore, seems to
point to some other force than that of mechanical condition as the
determining cause of this remarkable agreement.
 The intimate association of the spiral and bilateral types of cleavage,
and also the prevalence of spiral cleavage in those animals possessing
precociously developed larval forms, in which bilateral symmetry and
histological differentiation are early impressed upon the cleaving ovum,
suggest that the cause of spiral cleavage does not lie entirely in the
external mechanical environment of the cells, but is, in part at least,
to be referred to the same "morphogenic force" which produces the
bilateral symmetry of the embryo and the adult. That the ultimato
fate of cells exercises a profound influence upon thcir cleavage is well
shown in the precocious cleavage of the mesoderm quadrant in Nereis
and Unio, and of the teloblasts of the larval excretory organs in
Umbrella.    It. may be that in like manner spiral cleavage itself is
but a manifestation of precocious development of the organism     as a
whole.
  It is also difficult to explain the alternation of spirals by the mechan-
ical conditions attending their formation. A   glance at the tables of
cleavage which I have given will quickly suggest that, although we have
the saie spiral in a given division of any generation in all the eggs
having spiral cleavage, the conditions under which the spiral is formed
in the eggs of differeut animals are by no means identical.  The chrono-
logical sequence of the division of quartets in different eggs is not the
same; neither is the distribution of the yolk, either in quantity or
quality. The spirals however are always identical wherever they occur.
These external mechanical conditions have doubtless a profound influ-
ence, but are they the only or the prevailing ones?    If we predicate
this, we must maintain that the resultants of these variously combined
mechanical influences are identical in all cases of identical spirals. Be
the cause of the spiral what it may, the internal conditions of nuclear
division seem to be correlated with the alter'ation in direction in suc-
cessive generations. In an unimpeded field of action, the division and
subsequent equal migration of the two daughter centrosomes would



necessarily produce a series of cell divisions at right angles to one
another. This element is doubtless one of the factors in that field of
complex activities, the cleaving ovum.
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                      F. The Cleavage Cavity.
 
                              1. li Limax.
   After the blastomeres have reached the widely divergent state seen
 in Plate I. Fig. 14, they begin te flatten against each other, gradually
 losing their individual spherical contour and assuming a hemispherical
 shape.   This process occupied, in a case recorded, about an hour, and
 was comparatively more rapid in the latter part. It results in the ap-
 proximate restoration of the egg to the form of a single sphere. The
 superficial region of contact of the two cells appears in the living egg as
 a somewhat irregular line in the now almost obliterated furrow. Very
 soon after this process is completed there appear along this line len-
 ticular or irregular spaces, devoid of the granular structure of the proto-
 plasm, and apparently filled with a clear fluid. Deeper focusing reveals
 the fact that the centre of the apposed faces of the blastomeres is occu-
 pied by a slight cavity, wedge-shaped toward the vegetative ple, and
 broader and rounded toward the animal pole. This cavity gradually
 increases in size, the minor lenticular spaces increase also, and con-
 tiguous ones may be seen to coalesce. Finally, as the central cavity
 increases more and more, and approaches the periphery of the facet of
 contact, the lenticular spaces themselves disappear, probably contributing
 their contents to the encroaching central cavity. 'The latter now pre-
 sents the form of a broadly lenticular clear space extending from the
 animal to the vegetative pole of the egg, and
 symmetrically developed with reference to these      FIGURe E.
 poles. The two cells are thus alnost com-
 pletely separated from each other by the fluid
filling the cavity, as will be seen in the accom-
panying Figure E, giving an optical section
in the plane of the equator of a two-cell stage
of Limax agrestis, showing a cleavage cavity.



They remain in intimate connection, however,
at the peripheral margin, lut this margin of union i iin some cases
reduced to a very thin layer of protoplasm. There is apparently no
difference in the extont of the union at the two polos. The growth
of the cavity results in an appreciable increase in the volume of the egg,
and its contour, as well as that of the cavity itself, is suggestive of the
high state of tension existing in the egg as a result of this increase in
volum,    In extreme cases, as in Plate V. Fig. 34, and in Figure E, the
   voL, xxvrr.-NO, 2.             .
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cavity may attain a volume equivalent to one half or two thirds that of
the undivided ovum. Throughout its whole history, from its inception
to its culmination, both in the living egg and in preserved material,
the cavity is always sharply marked off from   the protoplasm of both
cells. This is truc, no matter what may be the point of view from
which the egg is observed. Of course the boundaries of the cavity are
indistinct whcre they lie oblique to the optical axis of the microscope,
but there is always one focal plane at which the limiting" membrane"
of the bounding cells sharply and distinctly separates the protoplasm
from the fluid contents of the cavity, and moreover there is no trace
whatever of any shading off of the protoplasm toward the cavity such as
Stauffacher ('93) describes in Cyclas. We are therefore compelled to
conclude that the cavity is distinctly intercelllar.
  The maximum     development of the cavity is followed by a forcible
expulsion of its contents. This takes place suddenly, and the elimina-
tion of the fluid may be total, or only partial. After a total elimination
the egg resumes its original size, and tends to take again the spherical
form. In case of a partial expulsion the cavity retains its polar diameter,
but the antero-posterior diameter is reduced (Plate I. Figs. 5, 6). In the
egg representcd in Figure E, the spindles leading to the third generation
were present when the cavity of the two-cell stage had reached its max-
imum. It often happens that two or even more expulsions of the liquid
contents of the cavity occur between the two- and the four-cell stages.
In the series represented in Plate I. Figs. 1-7, drawn from the same egg
kept under continuous observation, the two blastomeres had attained the
maximum divergent or rounded condition at 11.30 A. M. At 12.35 P. M.



they had reached the flattened or coalescent condition (Figs. 1, 2), and
at 12.45 P. M. the central cavity had appeared (Fig. 2). This increased
in size (Figs. 3-5), reaching a maximum at 1.30 P. M., when a partial
expulsion occurred (Fig. 6). After this expulsion the nuclei could no
longer be seen distinctly in the living egg. The cavity again increased
in volume (Figs. 6, 7), and at 2.02 P. M. a second and total elimination
took place coincidently with the division into four cells; this was accom-
plished, i. e. the furrows had reached the vegetative pole, at 2.05 p. M.
  It is not always possible to determine the point at which the fluid
contents are ejected. When a sudden reduction in the size of the cavity
is noticed, there is sometimes visible in the albumen adjacent to the
cleavage furrow a small sphere of transparent matter differing in its
refractive index from the surrounding albumen into which it very quickly
merges. When, however, the reduction in the size of the cavity is
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 gradually accomplished, occupying in one instance recorded about five
 minutes, no trace of the extruded liquid is visible. I have observed in
 the two-cell stage the expulsion of the liquid at both animal and vegeta-
 tive poles, but never at both poles of an egg at the saine time. Warneck
 ('50) and Fol ('80) both state that the contents of the cavity are cx-
 pelled at the vogetative pole. This is certainly by no means constant,
 and I am inclined to believe that in a majority of cases, espeially in the
 later stages, the elimination takes place at the animal pole of the egg.
   This ephemeral cleavage cavity is not confined in Limax to the two-
cell stage, but is equally prominent in the stages immediately following.
The passage of theo gg from the two- to the four-ccll stage may be
accoompanied by an incomplete elimination of the contents, for I have
often observed cases where a small cavity pcrsists throglhout the
progress of this cleavage.
  Figures 8-13 (Plate I.) show the history of the cleavage cavity in a
diflfrent egg from the one observed during the two- to four-cell stage.
At 3.15 p. M. there was no trace of any cleavage cavity, and the second
cleavage furrow had almost recled thlie vegetative pole. Half an heur
later the characteristic four-cell condition had been reacied (Fig. 8),
and in ten minutes more a cleavago cavity of considerable volume wais
devcloped in the vertical axis of the egg. This continucd to increase in
size until 4.45 p. M. (Figs. 9-11), when a total expulsion of the contents
occurred, occupying not lmre thin thirty seconds (Fig. 12). The iniclei



at tiis pcriod wcre at the amilhiaster stage. Within fifteen minutes a
new cavity liad appeared in the now elongated vertical axis of the egg.
This cavity was at first very narrow and extended almost frio  pole to
pole. It increased slowly in volume, but was nt wholly obliiterated nt
the division into eight cells, which occurred at 5.38-5.45 r. Mi. (Fig. 13).
It is nott a al unmsual to sco the total climination of the contents of
tlihe cavity at the division into eiglit cells, but the occurrence is not
constant. The configuration of the cavity of the four-oell stage as
viewed from tie aniimail pole is shown in Plate II. Fi'. 17. It is alimst
rhiomboidial in outliiie; the angles lie at the cliavagoe planes, andl the
sides are cnrved with the convexity next tle cavity. It is probable that
a piartial blxpulsion, or perhaps a total oneii, ias already occurred, for
tlie cavity was not very largo andi the nuclhi acre in the early liase
of metakinesis whcn thc egg was killed. When the cavity is nt its
maxiimum it assumes very nearly a spherical shape, i. e. the boiundiing-
cells i re concave ttoward the cavity, a.nd tithy iprsent more ne:rly thli
charactor of a wall of uniform tihicknoss (Fig. E, p. 81). No case hias
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corne under my observation where a nucleus projects into the cavity, as
Stauffacher ('93) figures it in his Tafel XIII. Fig. 19 a.
 An interesting condition is found in Plate II. Fig. 16, in which the second
cleavage furrow is almost completed. The cavity appears to have been
divided into two parts by the recent cleavage furrow, and now consists of
two large lenticular spaces, one between the cells A and D, the other
between B and C, i. e. both spaces are in the first cleavage furrow. The
first appears to lie mainly in the cell A, but this is due to the fact that
A lies slightly above and upon D. The cavity between B and C has
several secondary contribntory spaces lying superficially to it in the
furrow at the animal pole.
  The cavity of the eight-ccll and later stages differs from that of the
two-cell stage in that it is situated nearer the animal than the vegetative
pole of the egg. This is correlated with the size of the two quartets of
the fourth generation, Plate III. Figs. 20 and 21, and may be the occa-
sion of the frequent escape of the finid contents at the animal pole.
  It is not necessary to follow in detail the phenomena which attend
the fnrther history of the cleavage cavity, as it would be in the main a



repotition of the description of that of the earlier stages. I shall ierely
call attention to certain features of the cavity which are of especial
interest.
  An examination of a large number of eggs in the living state, as well
as killed and hardened material studied both in toto and in sections, lias
led me to the conclusion that this ephemeral and recurrent phase of the
cleavage cavity or blastocoel continues until a late stage, even to tho
period of gastrulation. That its appearance is not due to a pathological
condition of the embryo is shown by the prevalence of the samie phenom-
enon in eggs collected in the natural environment of the slug, as well as
by the developrmet of normal embryos frorn vacuolated eggs.    It may
be that confinement conduces to the presence of the ephemeral cavity
in its various forrms, but I have no direct evidence that such is the
case.
  IEggs presenting the maximum development of the cleavage cavity in
the later stages are with greot ditliculty freed intact froei  their cnve-
lopes and require especial care in the subsequent treatment with reagonts.
On Plate V. (Figs. 33 and 34) is fignred an egg of twenty-four cells
with a well developed cleavage cavity. Thie inucli are ail ii a quiescent
state, and the cells firrm a wall of such uniform thickness that it was
only after repeatcd trials that the vegetative pole of the egg could ho
determiined. 'The cavity is so large that the facets of contact are very
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 narrow, and the individual cells are in optical section somewhat lozenge-
 shaped. The cell a6" (Fig. 34) presents a curions bud-like process
 extending into the central cavity, and the superficiel extent of the cell
 is somewhat less than that of the other members of the siae quartet.
 This process suggests the mesenchyma cells which Stauffacher ('93)
 figures in his Tafel XIV. Figg. 25 a and 25c, but in this projection
 there is not the least trace of any nnclear structure, and it is probably
 a mere amsoboid outgrowth of no permanent significance.
   A comparison of the computed volumes of the whole egg, of its
 cavity, and of the protoplasmic portion, with tie volume of another
 egg (Plate IV. Fig. 27) of the saine stage but having no cavity, brings
 out the following results. Thlie whole egg has 429 units of volume, of
 which 188 represent that of the cavity, 241 that of the blastula wall,



 while the twenty-four-cell stage of average size (Fig. 27) lias a volume
 of only 126 units. These figures assume the perfect sphericity of the
 objeccts measured, and are therefore only approximately correct; still
 they show that the first egg, though a large one, is within the limiits
 of variation in size, and that the cavity is larger than the average egg,
 but not so voluminous as the substance of the egg which contains it.
 It is also suggested, in view of the largs size of the egg, that teli cavity
 has not ieen developed to any great extent at the expeise of th volume
 of the protoplasm of the egg. Tliere can bo no question that this egg
 presents tlie condition of a typical "lblastla" " with a typical "cleavage
 cavity" or blastoccal. Indeed, Rabll coiild  ot have found for iHacckel
 and his Gastrsa Theory a better illustration among mollusks of the
 " morula " and " blastula " stages than these two twenty-four-ccll stages
 (Plate IV. Fig. 27 and Plate V. Fig. 34); for the first contains no
 cavity whatver, and the latter lias its cells arranged in a single layer
 about a cavity. On the other hand, if we accept the limitation set iupon
 our usage of the terni cle:avage cavity by Staufl•clher in his recent papler
 ('93), we shall lie compelled, in view of the ftst tiat tihe cavity is sooier
or later entirely climinated, to cal] this beautiful example of a cleavage
cavity simply " cin hellcr Riaum."
  It is dilficnlt to establish any regularity or uniformity in the sequence
of the phases of the cavity in theso liter stages of eleavage. Wien we
examine other eggs in the twenty-fouir-ell stage we imeet with difierent
and by no means constant conditions. The twenty-fiour-cll stage repre-
sented in Plate IV. Fig. 31, shows no trace walitever of a cavity; while
Figure 28, also a twenty-four-cell stage, shows at the animal pole a
number of lacunis  or intercellilar vacuoles Ibetween the cells of the
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apical quartet, ab - de4 and their neighbors. An       especially large
vacuole is formed immediately at the animal pole.
 Inasmnch as the vacuolation of the animal half of the egg is an impor-
tant and very prevalent occurrence in tie later stages in the cleavage of
Limax it deserves a detailed description. In surface view these cavi-
ties are seen to be arranged in general along the line of the cell bounda-
ries, which they obscure to such an extent that the superficial margins
of the facets of contact are detected only by careful focusing upon the



immediate surface of the egg properly illuminated. As soon as the plane
of the focus is lowered toward the level of the nuclei, the boundaries are
at once lost and nothing but a clear space can be found. The proto-
plasm peripheral to the cavity is therefore comparatively thin, and does
not present the granular structure of the deeper lying regions. The
cavities in many cases extend laterally upon either side sorne distance
from the snperficial line of cosntact.of the two cells, and sometimes, as in
the cell c'", Figure 28, tiey even lie between the nucleus and the
external surface of the cell. In all cases it is possible to detect a sharp
and definite boundary to these cavities, when the egg is so oriented as
to bring the margin of the cavity into the proper relation to the optical
axis of the microscope. These boundaries iave the samie appearance in
whole preparations and in sections that cell boundaries have, and indeed
I believe that they are cell " membranes," and that the cavities are
strictly inltercellular. That part of the facet of contact lying peripherad
to the cavity is not continuons throiugh the cavity with the part centrad
(Plate III. Figs. 24, 25), but is in direct continuity with the wall of the
cavity. This seems to me to be indisputable proof tiat these vacuoles
are intercclllar structures, just as the lenticular spaces and central
cavity of the earlier stages of cleavage and the large cavity of the twenty-
four-cell stage are. The question as to whether thiese should be called
the cleavage cavity will be discussed hater.
   'l'he appearance of tliese cavities in section is shown in Figures 24 and
.25 (Plate III.). The egg hcere representcd is a very small one, only
SO p in diameter, and is shown in dtoto in Figure 23. It lasjust been
derived fromn the sixteen-cell stage by the division of the qnurtets 5.1 snd
5.2. Traces of this division can still lie seen in the derived quartets
6.1, 6.2, and 6.3, 6.4. 'Thl sections wcre eut obliquely to the vertical
axis, and so directed as to eut longitudinally the remnants of the spindles
in on of te quadrants of theo quartets 6.3 and 6.4. 'There is a rmedimn-
sized central ceavity, which, owing to the recent division and consequent
rounded condition of the cells concerned, lies nearer tie vegetative pole.
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The section shown in Figure 25 cuts the cells of the animal ple ob-
liquely, and thus cxaggerates their relative size somewhat. In addition



to the central cavity, thero are a number of smaller cavities between the
cells of the animal pole. Their relation to the ccll boundaries can in
every case be readily determined in the sections. The larger cavity
x of Figure 24 is between two cells whose facet of contact lies parallel
to the plane of the section ; the cavity therefore appears to traverse a
cell, though in reality it does not. In the figure it is in direct continuity
with cavities whicl are readily seen to be intercellular. These latter
cavities appear lenticular in cross section, but they are themselves elon-
gated as the cavity x is. There are, in addition to the intercellular
cavities just described, two others (vac., Figs. 24 and 25), which seem to
be intracellular). 'They are both near the central cavity, though not
in direct contact with the cell membrane in any direction. They are
both approximately spherical in formi, and neither has the sharp and
definite outline separating it from the protoplasm of the coll that the
intercellular spaces just described have. Their formi, position, and limits
thus indicate their intracellular nature. They probably are merely intra-
cellular vacuoles. Their position is suggestive of their fate. They lie
very near the central cavity, and it may be thit their contents ulti-
mately find their way into it by osmosis, or less probably by rupture of
the " cell wall."
  The fate of the fluid eliminated from the lenticular spaces of the earlier
stages, and from the intercellular spaces of the later stages, is a difficult
matter to determine. Direct observation givcs negative results, for
although these cavities in the early stages can be seen to develop and
disappear, it is impossible to say what becomes of their contents. I have
never seen any evidence of the extrusion of their contents from the egg,
but this miglit escape observation, for the cavities are small and their
contents are transparent, aud it is often difficult to determine the point
at which the contents even of the large cavity are expelled.
 There are, however, some facts which lend support to the view that
these lenticular spaces of the early stages, and perhaps also the inter-
cellular spaces of the later stages, contribute directly to the increase of
the volume of the central cavity. Thli    nuclear conditions of Figures
23-25 (Plate III.) show beyond question that this twenty-four-cell stage
is younger than that of Plate V. Fig. 34, where the larger cloavage
cavity is shown. It seems reasonable to derive the conditions of the
older stage from those of the younger. The maiin diference between
the two stages lies in the increased size of the cleavage cavity and the
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absence of the secondary intercellular cavities in the older egg. It
seems probable that, as the central cavity grows in volume and the
facets of contact diminish in size, the central cavity extends to these
secondary cavities and fuses with them, and that thus all portions of the
surfaces of the cell, except its exterior one, may contribute secretions to
the central cavity. The immediate proximity of several of these sec-
ondary cavities to the central cavity in Figures 24 and 25 (Plate III.)
suggests that the former may even actually move toward tho central
cavity. The direction of the motion is merely a question of the direc-
tion of least resistance; it is difficult to explain the development of such
a large cavity as that of Figure 34 (Plate V.) and the subsequent forci-
ble expulsion of its contents, and the immediate restoration of the egg
to a solid spherical mass, without admitting the existence of a consider-
able force, tending to preserve intact the contour of the egg, and resist-
ing the increasing tension brought about by the enlargement of the
central cavity. If the contents of these smaller cavities are eliminated
to the exterior, why should not thoso of the large cavity, whose tension
must be proportionally greater, be eliminated at the same time ? There
is a point, however, beyond which the increase in the size of the cen-
tral cavity cannot go. The outer wall yields to the pressure, and the
imprisoned fluid escapes. I have found no trace of an egg membrane,
such as Gegenbaur ('52) has described for the egg of Limax agrestis:
SEs besitzt cine Zellmembran, die besonders durch lngere Einwirkung
von Wasser deutlich erkennbar wird."  There is no evidence that there
is anything more than the ordinary clear stratum    of protoplasm  at
the exterior of the egg. In this ry observations are in accord with
those of Dr. Mark upon Limax campestris ('81). None of these secon-
dary cavities or lenticular spaces were observed in tho eggs which have
the maximum central cavity, neither have they been seen at the time of
the expulsion of the contents of the cavity, even when that takes place
gradually. They are associated with the growth rather than with the
disappearance of the central cavity. In view of these facts, it seems to
me that we are justified in concluding that, in some cases at least, the
lenticular and the secondary intercellular spaces contribute to the
increase of a central cavity.
 As has been stated already, these secondary intercellular spaces often
form at the animal pole of the egg, while not a trace of them can be
found at the vegetative pole. They may present the appearance of an
anastomosing network of irregular vessel-like structures between the
cells of that polo of the egg, as in Plate VI. Fig. 39. It hardly seems
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possible that a histological differentiation can have already taken place
between the two poles of the egg whereby the cells of the animal pole
are set apart to perform an excretory function. This is rendered still
more doubtful by the frequent occurrence of eggs in which these secon-
dary intercellular spaces have reached an enormous development at both
poles, in fact throughout the whole egg. This condition may occur as
early as the twenty-four-cell stage. In such eggs there is nover any
distinct central cavity present; it becomes difficult in such cases to
locate cell boundaries and the relation of nuclei to them. In Plate III
Fig. 26, is shown a transverse section of such an egg containing more
than one hundred cells. In stainability and nuclear conditions this is
not essentially different fromi other eggs ; several cells of this egg are in
a mitotic state ; I therefore believe such eggs to be normal. As can be
seen in the figure, the three germ layers are present, and the vacuolation
surrounds the cells of ail three layers indifferently. There is no central
cavity, and the three layers retain their connection with one another.
Indeed, this condition is very suggestive of that fiund in the gastrula at
the time when the head-vesicle is beginning to develop and the entoder-
mal cells are sending out long processes into the flid-filled space toward
the cells of the other layers. It seemis therefore no misuse of teres to
designate the intercellular spaces in both cases as the primary body
cavity, which tlroughout the period of segmentation is also the cleavage
cavity. The condition represented in the figure is ephemeral and the
extrusion of the liquid contents may take place witihout the formation
of a spherical central cavity.    The spaces seem    to be thoroughily
connected with one another and when soic point on the periphery
of the egg yields to the pressure, the fluid is probably in large part
eliminated.
  T'lie occurrence of a single distinct central cavity is shown in Figure
47, a section of an embryo of eighty colls, and likewise in Figures 48
aind 49 (Plate VIl.), where the embryo als assumed the flattened shape
charactoristic of tli stae preceding gastrulation. In this egg the cavvity
is small and lies between the cetodcnr, the entodcrm, and tih bilaterally
placed mesodorm Ibands. There is no trace of any cavity in the meso-
derm.   In Figure 54 thl cavity occupies a position at the posterior end
of the blastopore, and, as in the procecding stage, lies next to the ccto-
dorm on the dorsal side of thi embryo. I have found many embryos,
not figured, whicih iave this definitely limited central cavity. In no
case, however, has it attained the size of the cavity in the twentv-
fiir-cell stage shown in Plate V. Fig. 34. On the other iand, a large
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part of the embryos examined have either the intercellular vacuolation
or no trace of any cavity whatever.
 Wihat is the morphological and what the physiological significance of
the phenornena with which we have been dealing? Are tiese cavities
all simply different phases of one and the same thing, - an ephemeral
recurrent cleavage cavity, - or do they differ among themselves, and are
they to be considercd as difftrent from the cleavage cavity I Do they
bear any relation to the conditions under which the egg develops 1 My
work ihas left no doubt in my own mind that they all belong to the same
category, - modifications of the cleavage cavity, - and that they are
perhaps intimately connected with the conditions in whioh the embryo
develops. I shall refer to these points again after reviewing the litera-
ture of the subject.
 The question mright well be raised as to whether the terni cleavage
cavity should be used to designate the phonomena which we have dis-
cussed. If we are to apply this tern to that continuons, persistent
cavity into which the invagination resulting in gastrulation takes place,
and that only, thon we assign to the terrm an unduly limited morpho-
logical significanee, suggested by the (Gastresa Theory of Haeckel. Then
this ephemeral cavity in Limax is not a cleavage cavity, and we must
coin some new term to distinguish it, such, for example, as excretory
cavity. If, on the other hand, we recognize the physiological importance
of this and other cleavage cavities, while not denying their morphological
significance, and bear in mind also the constant intercellular nature of the
phenomena in question, it is in my opinion perfectly legitimate to desig-
nate by the term cleavage cavity any and all of tho protean forms which
the intercellular space assumes in Limax. The smattor of ternis is, how-
ever, a minor point, the unity of the phenomena is the important one.
 There remains one more question of intcrest. Is there any relation
between the stages of cleavage and the recurrence of the cavity 1
Warneek, in 1850, stated thiat the cavity reaches its greatest develop-
mont contempiorarily with the "Maximum der Entwickelung der Kerne."
My own observations do not show that this is always tie case. In
Figure E, the two cells enclosing the large cavity contain, not nuclei withi
distinct membranes, but spindles. Thler is a rnechanical cause for the
elimination of the contents of the cavity at the period when the cells
assume a rounded condition at the close of cleavage. The facets of
contact are then micih reduced, and the resistanco at the periphery of
the egg to the expulsion of the fliid is more readily overcome. It may
also be that tie periods of great activity in the cells at the time of
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division are periods at which the osmotic processes reach a maximum,
and thus the cleavage cavity may grow rapidly at this time. My obser-
vations on living eggs show that the period immediately preceding di-
vision is that of the most rapid growth of the cavity. It is not an
uncommon thing to lind in the later stages neighboring cells in a
mitotic state enclosing a lenticular space between them. These two
causes may result in producing in some cases, during the early stages of
cleavage, an apparent rhythm between the nuclear conditions and tlie
periods of expulsion. There is, howcver, much variation in these early
stages, and it is impossible to establish in them any such constant
correlation as Warneck has indicated.
 
 
                           2. Literature.
                           AMPHI NEURA.
  No mention is made of any cleavage cavity in the development of
Dondersia, as described by Prgvot ('90). Kowalevsky ('83) does not
discuss the subject in Chiton, but Metcalf ('93) describes the cleavage
cavity as already formed at the four-cell stage. No statement is miade
about its subsequent disappearance.
 
                         LAMELLI IIRANCHIATA.
                           I. Marine Forms.
 Lovn ('48) does not figure a segmentation cavity in either Modiolaria
or Cardium. Barrois ('79) makes no reference to any segmentation cavity
in Mytilus, thoughi is Plate XII. Fig. 16, if it represents a section, shows
such a cavity. He distinctly states that the segmentation produces a
body considerably larger than the original ovum. Ile also notes in the
two-cell stage the appearance, in one instance, of lenticular refractive
bodies apparently identical with those figured by Bobretsky as fonnd in
Nassa mutabilis. These bodies are adjacent to the furrow separating
the micromere and macromere of the two-coll stage, and may be due to
a higlily refractive secretion accumulated in these regions.
 Brooks ('80a) describes in Ostrea Virginiana a transparent cavity sepa-
rating the ectoderm from the macromere in dead eggs at a stage when
the macromere is almost covered by the very large inmber of ectoderm
cells present. He does not regard this space as normal, siice the macro-
mere seems in living eggs to be in contact with the outer layer, and
there is no indication of a segmentation cavity. It is only concerning a
later stage, when the macromere lias divided into a number of entoderm
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cells, and the embryo is much flattened in the dorso-ventral direction, that
he says a distinct "segmentation cavity, or more properly a body cavity,
is now clearly visible" between the ectoderm and the entoderm. Horst
('82) says, " It is not possible to demonstrate thl existence of a true
cleavage cavity in the oyster."
 Hatschek ('80) finds that one of the peculiarities of the development
of Teredo is "der gainzliche Mangel der Furchungshihle."
 
                        II. Fresh. Water Forms.
  Forel ('68, p. 14) called attention to the fact that the "yolk" in Unio
later becomes clear and transparent, but he failed to interpret this
appearance as a cavity. It remained for Flemming ('75) to show in
Anodonta the presence of a cleavage cavity as early as the two-cell stage,
to establish its recurrent character, and to assert its equivalency to the
cleavage cavity of the later stages. He notes its formation as a lens-
shaped cavity between the macromere and micromere of the two-cell
stage; its disappearance with approaching cleavage; its reappearance
in the four-cell stage, and its subsequent disappearance before the next
cleavage begins. He aiso notes its relatively large volume in a stage
when there are from six to ten micromeres, but he does not describe
any further obliterations of the cavity. The fact that the earlier cavities
are obliterated does net raise the question with him as to whether they
should be regarded as cleavage cavities or not.
  Rabi ('76) has observed a similar phenomenon in Unio pictorum. Ho
describes the cavity as a transparent protoplasmic layer with few yolk
granules between the cells of the two-cell stage. He contends, however,
tihat it is not the beginning of the cleavage cavity, as Flemming had
maintained, and calls attention to the fact that similar regions, free
firom granular structures, between two or more cleavage spheres, are
met with in the embryos of other animals, as, for example, in many Gas-
teropods, where the cleavage cavity appears later than it does in Unio.
At the four-cell stage, however, he recognizes "die erste Anlage der



Furchungshiole," but does not speak of any reduction or disappearance
of this cavity in later stages, thongh some of his figures suggest it.
  Korschelt ('91) speaks of an expansion of the primitively narrow seg-
mentation cavity of Dreissena, during which the embryo, which has
reached the gastrila stage, assumes a roundish oval shape. No mention
is made of the ephemeral or recurrent character of this primitive cavity.
It is a matter of considerable interest to see that Dreissena, which is a
"near ally of the common mussel," and is probably a recent migrant
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into a fresh-water environment, still retains the free-swimming larval
stage characteristic of marine forms. It has acquired, however, the
"primitive segmentation cavity" found in the froshi-water Lamelli-
branclis, but not definitely known to be present in the marine forms.
  Lankester ('74) does not refer to the cleavage cavity of Pisidium, nor
does he figure it except in comparatively late stages of development.
  Von Jliering ('76) speaks of the three or four small cclls in Cyclas,
whose progeny grow around the solid mass of the two large colls, and
of the later appearance of a cavity in the centre of this mass. Zioglor
('85) finds a cavity in the thirteen-cell stage of Cyclas, but indicates no
cavity in the two earlier stages that ihe figures.
  Tho latest, and by far the most important, contribution to our knowl-
odge of toe cleavage cavity is that of Stauffacher ('93) upon Cyclas
cornea. The formation of a " true " cleavage cavity takes place at the
thirteen-cell stage by the gradual clevation of the cap of ectoderm cells
friom the macromere to which they had bcen closely applied, resulting
in the development of a sharply dofined space between the macromero
and its derivatives. This cavity persists and increases in size until it
iltimately becomes the relatively very largo cavity of the blastula stage.
In addition to this cavity, which lie regards as persistent fromn the
thirteen-cell stage on, Stauffacher finds in the two-cell stage a structure
which ho regards as similar to that observed by Flemming in Anodonta
and by Rabl in Unio. Ho doscribes it as a disproportionately large
space, entirely unstainable, in the smaller of the two spheres, exactly in
the region where they are in contact. The cavity is filled with a fliid
free from granules. The protoplasmie part of the cell, which forris the



peripheral layer and contains the nucleus, merges very gradually into
tiis fluid-filled space. On the side of the macromero this space is
sharply and definitely limited. It soems from Ilis description that this
space is regarded by him as lying in the smaller cell, i. e. intracellular,
though he does not distinctly designate it as such. The interpretation of
this space and its later history are best given in Iis own words (loc. cit.,
p. 211) : "Es fllt bei Cyclas nicht schwer, den unumstosslichen Beweis
zu erbringen dass der genannte helle Raumn in der That nichts mit einer
Fiirhungshhle mu thun hat. Dieselbe krnerlose Partie namlich, die
wir auf dem zweizelligen Stadium antreffen, ist zwar auch auf dem drei-
zelligen Stadium noch vorhanden, aber schon bei der Bildtng der vierten
Fuirchengskngel wird sie bedeutend reduziert ind verschwindet schliess-
lich ganz. Dagegen entstehen im weiteren Vorlauf der Entwickelmng
zwischen der grossen Mutterzelle unr ihlren jeweiligen letzten Abstam-
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mungsprodukten neue solche Partien. Die eigentlicho Furchungshihle
tritt bei Cyclas, wie wir sehen werden, erst in bedeutend hheren
Furrchungsstadien auf."
 A cavity similar to that of the two-cell stage is figured for the four-,
five-, six-, seven-, nine-, and twelve-cell stages, occurring always between
the macromere and its most recent products. This cavity becomes suc-
cessively smaller from the four- or five-cell stage until we reach the
relatively small cavity of the twelve-cell stage. It is always sharply
limited froin the macromere, and often presents on the side next the
rnost recent micromere, or its products, the gradual merging into the
granular protoplasm noted in the two-cell stage. That is to say, here,
as there, the inference is that the cavity may be regarded as an intra-
cellular space. The fluid which fills this decreasing cavity he thinks is
absorbed in large part by the macromere, and perhaps to a less extent
by the micromeres, and that it does not pass out of the cavity through
the egg membrane. After this fluid-filled space ias disappeared fromn
between the earlier formed micromeres, m1, m'2, mi, m4, and the macro-
mere, the micromeres in question apply themselves closely to the
macromere in a way that suggests the fusion of micromeres with the
macromere noted, as by Lovn ('49) in marine Lamellibranchs, and by
Bobretsky ('77) in Nassa. With regard to the interesting phenomenon



of fusion described by these authors, Stauffacher makes the following
suggestion : " Es erscheint mir nicht unwahrschcinlich dass vielleicit in
allen den Fillen, wo ein nachtriigliches Abflachen der kleincren Zellen
konstatiert wurde, auf gfSnstigen Prepairaten auch der helle Iaum
zwischen den Furchungskugeln hiitte nachgewiesen worden kbnnee, der
durch sein Verschwindung das Anschmiegen der Mikroneren miglicher-
weise bedingt."  "Der belle Raum " bas, however, never been recorded
by any investigator of these forms; furthermore, the fusion in sorne
cases (and these are the most marked cases of flusion) consists in the
reunion of the more richly protoplasmic part of the macromere with
the more passive yolk-bearing portion, from which it had abstricted
itself at the time of nuclear division.
  Neither Bobretsky ('77) nor Brooks ('80) figures a nucleus in the
" macromere " with which the micromere so completely fuses; and it
seerns hardly possible that in these cases the disapparancee of a cavity
can have anything at ail to do with the phenomenon of fusion. There
are moreover some objections to the view that in the two-cell stage the
cavity lies witistn thie cell, and te the inference that it is essentially of
that nature in the later stages. Stauffacher himself does net emphasize,
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or even clearly present this view, though he repeatedly calls attention to
the lack of a sharp differentiation of the cavity froni the protoplasm of
the most recent derivative or derivatives of the macromere. The fact that
this graduai transition is shown toward tiwo cells, as in lis Taf. XII.
Figg. 14 a-, and T'af. XIII. Fig. 18 b, militates against the view that the
cavity is intracellular. It may well be that the yolk-laden macrotmere,
on aocount of its dittfrent stainability, is more sharply marked off froin
the cavity tlan the protoplasmic micromere ; but is it not possible that
the graduai transition of the granular protoplasm of the adjoining cell
into the clear spaeo of the cavity is in most, if not all, of the cases figured
by Staufflitchr due to oblique sections of the limiting membrane? l  is
figures of the wholo egg are made from reconstructions on glass plates,
and in tlhem the outlines of the cavities are not distinctly traced. In
riost cases lio las not indicated the planes of the sections which lie
figures ; these must therefore bo inferred fronm the position of the iunclei.
Such iinfrences, however, lead one irresistibly to tlie conclusion that the



sections must meet thio boundary of the cavity obliqucly welirever its
oiitliin appears indistinct ; e. g. Taf. XII. Figg. 1t ia-g; Taf. XIII. Figg.
18 a and b. On the other hand, sections which appear to strike tlio
cavity perpendieularly, as in Taf. XII. Figg. 15 a and 6, 16 e and b, and
17 c, all show a much more distinctly marked separation of t1he proto-
plasm of the cells fromn the cavity, and in somi cases this demarcation is
as delinite on tlie side of the most recent microimere as it is upon that
of the macromore. In case this explanation should prove valid, we siall
have in Cyclas, as in Limrax, an intcrcellular cavity appearing at the
two-coll stage, and recurring in the later stages of cleavage.
  I cannot agree witih Staufflacher's view that this primitive "Lhller
laumni " has nothing whatever to do with tihe truo cloavage cavity. It
is not established evei by the facts found by him in Cyclas ; minch less
by a comparison with other forms presenting a similar phinomsenon.
His observations are confined to killed, preserved, and hardoned material
of very limited aoiiuint. le hiad in soini cases not more thans one series
of sections of caci cleavage stage; of the'thrcc-cell stage seven series, of
the four-coll stage six series.  ire ihas not been ablle to examine the eggs
in tho living state, or in wholo preparations. 'Thus he lias been deprived
of miost valuable assistance in determining the origin, definite boilnda-
ries, successive plihases, ultinate fto, and relationships of tilis " ieller
IRaum," whoso caim to the title of cleavago cavity lie so summarily
dismisses. The " uninstosslicih Beweis"' whichli   e brings forward to
support the view lie advances is, that the " heller Iaumi " finally dis-
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appears entirely. But his figures and descriptions show that this clear
area merely occupies a different position with reference to the first
micronieres, not that it entirely disappears. Every stage that he figures,
froni the two- to the thirteen-cell stage, where, ipon his interpretation,
the true cleavage cavity first appears, contains a cavity. He brings
forward no proof to show that these may not be continuons both with
one another and with the cavity of the thirteen-ccll stage, which is in his
view the truc cleavage cavity.   It seems to me, then, that hi s wn evi-
dence does net conclusively sustain the view that this primitive cavity
is net a true cleavage cavity, as he himself bas defined it. Indeed, we
should expect that in Cyclas, as in other fresh-water mollusks, there
might be an entire elimination of the cavity at intervals, though hoe as



not proved it. Even if we grant that in Cyclas the primitive cavity is
climinated, we have still the important point to consider whether or not
such an elimination constitutes a valid ground for reioving tlie " hellor
Raurm" from   the category of cleavage cavities. A comparison of the
phenomena in Cyclas with those presented in such a forrn as Limax
would seem to indicate that we are dealing hcro, as there, with an
eplemreral recurrent cleavage cavity present at the very beginning of
segmentation.
                             SCAPIOPODA.
  Kowalevsky ('83) finds a definito cavity appearing in Dentalium as
early as the cight-cell stage. This gradually iicreases in size, forming
quite a large cavity at the time of gastrulation.
 
                          PRI0OIsRANCHIIATA.
 
                          . Marine , Forms.
  An examination of the literature of Prosohranch dcvelopment shows
an almost entire absencce of rnforences to a cleavage cavity. The few
allusions that exist are concerned with the cavity that appears com-
paratively late in the period of cleavage.
  Bobret.sky ('77) finds a cleavage cavity in Nassa mutabilis et the
thirtv-six-cell stage. Although the a.lternition of the rouiied with
thei flattened conditions of the cells in cleavago is quite prominent in
Nassa, no cavity is noted as occrn'ring between the fused cleavage
sphlres.
 lMeM urrich ('80, p. 412) makes thei fllowing stltciment with regard to
the segmentation cavity in uiilgnr : T'o one side of the blastoderm and
lelow it a mire or less distinct cavity is te be seen, containing granular
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 matter. It is possible that this may represent the segmentation cavity,
 though it does not appear to be present in all cases."  This is in a stage
 preceding the formation of the " sixth generation " of micromeres and
 the appearance of the mesoderm. Brooks ('78) figures at a late stage a



 cavity in Urosalpinx similar to that found by Bobretsky in a late stage
 of Nassa. Patten ('86) does not figure any segmentation cavity in
 Patella, but in the later stages, before gastrulation, a medium-sized
 central cavity is present. Conklin ('91) finds in Crepidula, "at an early
 period, a trace of a segmentation cavity, which, however, is soon
 obliterated."
                         II. Fresh - Water Forms.
  Blochmann ('81) does not discuss the subject of the cleavage cavity
in Neritina, but it is evident from his figures that, if it is present at all
in the earlier stages, it does not attain a great size. Neritina contains
a large amount of yolk, and this may have soine effect on the cleavage
cavity. In the late stages a small cavity appears between the ectoderm
and the macromeres.
  No mention is made by Sarasin ('82) of a cleavage cavity in Bithynia
until the close of th' cleavage period. Sections of the early stages were
not eut. Erlanger ('92) finds a large cavity present at the close of seg-
mentation, i. e. before the formation of the mesoderm and when the
blastomere contains, according to his estimate, at least sixty cells. In
Paludina vivipara, Lankester ('76) finds in a late stage of cleavage "a
central space or cleavage cavity." A cavity of considerable size is also
figured by him as present at the time of gastrulation. On the other
land, neither Btitschli ('77) nor Blochmann ('83) succeeded in finding
in this species any cavity in the cleavage stages examined by them, nor
more than a mere slit-like cavity between the layers at the time of
gastrulation. Erlanger ('91), however, finds a large cavity in the
gastrula stage, and it is into this cavity that the mesodermal poclets
described by him   are evaginated.   If Paludina    ias an epiemeral
recurrent cavity similar to that of Limax, the apparently discordant
observations of Lankester, Btltschli, and Blochmann would be easily
harmonized.
I have myself watched the cleavage of the eggs of Amnicola limosa,
and find that they present a typical recurrent cavity, precisely like that
of the fresh-water oulmonates. The eggs of Amnicola are enclosed in
capsules and are surrounded by a jelly-like albumen. They contain a
small amount of yolk, and cleavage is not so unequal as it is in
Neritina.
   VOL. xXVII.- No. 2.           7
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                         OPISTIIOBRA•CIIIATA.
 There seems to be an entire absence of references to the presence of a
cleavage cavity in the development of this group.
 Heymons ('93) found in Umbrella no trace whatever of a cavity at
any period up to the formation of the larval stage.
 
                             PTEROPODA.
 
  Fol ('75) says of the two-cell stage of the Pteropods, " Mais il ne se
produit pas ici, comme chez le Lymne et la Limace, ou comme chez les
Geryonides, des vacuoles entre les cellules." Nor is a cleavage cavity
described by him for the later stages. Knipowitsch ('91) mentions a
" spaltf0rmige und nicht immer deutlich wahrnehmbare Furchungs-
hhle," into which the mesodermal cells migrate, as occurring at the
end of cleavage in Clione.
                             PULMONATA.
  Warneck ('50, pp. 131-135, 166-170) discusses the recurrent cleavage
cavity in Limax and Lymnoeus. He describes its appearance soon after
the two cells begin to flatten against each other; also its growth and
subsequent disappearance when the second cleavage plane appears. A
similar phenomenon occurs at each succeeding phase of cleavage till the
blastula stage is reached. He expresses the opinion that this " heller
Raum," as he calls it, is a receptacle for albumen, and describes the
expulsion of its albumen-like contents into tho surrounding albumen at
the time of the disappearance of the cavity. He explains the phenome-
non as due to the acceleration of end- and ex-osmosis, attendant upon the
greater activity of the nutritive and excretory functions of the cells and
the disappearance and reappearance of the nucleus during the successive
phases of cleavage, and correlates this activity of the cells with the
origin of the ovum from a glandular tissue. Ganin ('73) mentions the
relatively small cavity in Lymnaeus, and the larger cavity in Physa.
In Helix, von Jhering ('75) finds a central cavity in the two-cell stage.
The later stages of cleavage were not carefully followed by him, and no
further mention of the cavity occurs in his work.
   Fol ('80, pp. 115 and 116) says : "Pendant le travail du fractionne-
ment, les sphrules prennent un aspect fonc et une forme arrondie.
Les noyaux ne sont plus visibles et la cavit de fractionnement se perd
dans l'obscurcissement de l'oeuf. Pendant les temps de repos les noyaux
reparaissent, les sphrules s'affaissent les unes sur les autres, la cavit
d segmentation est de nouveau visible. Dans ces priodes de repos, la
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limite entre les sphrules apparat comme une ligne d'paisseur trs
apprciable et dont la transparence contraste avec la teinte fonce des
cellules; c'est la coupe optique de la couche de sarcode qui rgne sur
toute la surface des sphrules. Mais en outre nous remarquons dans le
plan de contact des cellules voisines une accumulation de liquide, fait
dj constat par Warneck. Ce liquide va sans doute remplir la cavit
de fractionnement, mais une partie est aussi expulse sous forme de
gouttelettes qui sortent gnralment au ple nutritif. J'ai observ une
seule goutte chez les Htropodes et les Pulmons aquatiques. . . . La
cavit de segmentation, ou blastocle, reste presque nulle pendant que
l'invagination se forme et ne commence  crotre qu'aprs le rtrcisse-
ment du blastopore."
  The propriety of the use of the term blastocoel or segmentation cavity
to designate the lacunar spaces of the mesenchyma of the gastrula, as
well as the spaces between the primitive blastomeres, is questionable.
To be sure the mesenchymatous lacunae are derived from the blastocel
rather than from an enterooml, in Limax at least; but our choice of
terms is not limited to blastocoel and enterocoel, and it seems preferable
to apply to those spaces without epithelial lining which lie between the
eotoderm and entoderm, and are traversed by loose mesenchymatous
cells and prolongations of the ectoderm cells, a term  net already set
apart for another use. Previous to the formation of these lacune, ail
the cells of the intermediate layer exist as a solid mass obliterating
the cleavage cavity. When, however, in Limax the cavity reappears,
as in Figure 54, it is as a distinct space bounded by germ layers. It
seems botter, therefore, to apply to the spaces mentioned in the sec-
ond quotation from Fol (p. 116) the same term which is used elsewhere
for mesenchymatous lacunse not lined by a distinct epithelial layer,
viz. schizocol.
 lRabi ('79, p. 568) notes the presence of a cleavage cavity in the
twelve-cell stage of Planorbis, and suggests the possibility of its presence
in the eight-coll stage. It attains its maximum size when the embryo
consists of twenty-four cells. He mentions the flattening of the blasto-
sphere which follows this maximum condition, but doos not speak of an
obliteration of the cleavage cavity accompanying it, and considers that
the cavity is still present at the time the mesoderm cells sink below the
surface. He makes no suggestion of its recurrent nature at any period
of its existence.
 Brooks ('80, p. 80) mentions in Physa the " presence of a lens-shaped
segmentation cavity, which is enclosed peripherally by the union of the
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two primary segments. This cavity persists from this stage until the
completion of segmentation."   He does not refer to its recurrent char-
acter in the earlier stages of cleavage, nor to the elimination of its
contents in whole or in part.
 Joyeux-Laffuie ('82), in his work upon Oncidium, a marine form with
pulmonate affinities, makes no reference to a cleavage cavity.
 From my own observations on Planorbis and Physa, I have no doubt
that the recurrent segmentation cavity is found in these forms, as in
Limax; but it is not developed in so marked a degree. I wish in this
connection to call attention to the fact that the enclosing capsules and
albumen of these forms are less dense than those of Limax, and that
they are deposited in the water. In Planorbis, which has somewhat
more yolk' than Physa, the cavity does not attain so great a size as
in Physa.
 
  I shall not enter into an extended discussion, or a review ofthe litera-
ture of the cleavage cavity in other groups of animais, especially of
marine forms. I shall refer mainly to those forms which, by reason
of their conditions of development, might be expected to throw light on
the significance of the cleavage cavity.
  In Spongilla, likewise a fresh water animal, Maas ('90) finds no trace
of a cavity in the solid morula stage, though he admits that there is at
the four-cell stage the intimation of one, which later entirely disappears.
  According to Brauer ('92) a cleavage cavity appears in Hydra at the
eight-cell stage, but he makes no reference to a subsequent disappearance
of the cavity.
                              ROTIFERA.
  Zacharias ('85) finds a cleavage cavity in the two-cell stage of Philodina
roseola. He does not figure it in the later stages, but speaks of its
general appearance in all the eggs whose early stages he had observed.
  Zelinka ('91) does not figure any cleavage cavity in the development
of Melicrta or Callidina.
                              ANNULATA.
  I have found no reference to a recurrent cavity in the marine forms
of this group. In forms with much yolk, as Nereis, there may be no
cavity whatever (Wilson '93); but in forms whose division is nearly
equal, as in Eupomatus, a cavity appears at an early stage and persists



until gastrulation (Hatschek '86).
  Whitman ('78) describes a cavity in Clepsine, which appears very
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early at the place where the first three planes of division cross one
another. Its early and later history is not given. No mention is made
of any obliteration or recurrence of the cavity. He suggests that " the
blastocoel, whenever it appears, forms as a necessary result of the cleav-
age process. . . . The explanation of the cleavage cavity depends upon
the fact that the cells push each other apart in cleaving."
   This explanation was doubtlcss suggested by the cleavage of Clepsine,
where there is considerable difference in size between the micromeres
and macromeres, and the less mobile yolk-laden cells adapt themselves
less readily tte te changes in cleavage than the protoplasmic blastomeres
of the egg of Limax. The difficulty of applying this mechanical explana-
tion of the cleavage cavity to the phenomena observed in Limax will be
patent to ail. The blastomeres, in this form at least, are exceedingly
plastic bodies, adapting themselves either to the presence or absence of
a cavity, upon which profound changes in their form depend. Further-
more, the "pushing apart" of the cells in cleavage is often the occasion
of the obliteration of a cavity rather than its formation ; for the cavity,
in the early stages at least, is frequently at its maximum just before
cleavage, and is obliterated or reduced in size at its close.
  Wilson ('89) finds in the four-cell stage of Lumbricus a cavity
which ho labels "segmentation cavity," and of which lie says, it "dis-
appears afterwards and cannot be identified with the trufi blastocl,"
which is described for the thirteen-cell and later stages. The eggs of
L. foetidus, for which this ephemeral cavity is figured, have tough cap.
sules and thick albumen, similar to that of Limax.
  Vejdovsky ('88-'92) describes a distinct cavity in the two-cell stage
of Rhynchelmis, and refers to the occurrence of a similar cavity in later
cleavage stages. It is evident, however, from his figures, that the cavity
is not so prevalent as it is in Limax. A similar cavity occurs in the
two-cell stage of Allolobophora. A   very interesting phenomenon was



also observed by him in the six-cell stage of Allurus tetrader. In the
cytoplasm of the rniiromeres of this stage, a number of large contorted
canals appear, which resemble very much the canals found later in the lar-
val excretory cells of the embryo. These canals are filled with a clear
fluid and "hnigen offenbar zusammen." The accumulation of fluid in the
canals results in an increase in the volume of the micromeres, and an
obscuring of both cell boundares and nuclei. Finally, by a powerful con-
traction the fluid contents are expelled and the micromeres assume their
original form and size, the cell boundaries and nuclei again becoming dis-
tinct. It is evident that the author regards these canals as intracellular
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embryo. The blastoporic trough has now closed gradually from behind
forward until there is a laterally compressed, cone-shaped pit directed
antero-dorsally, and occupying a region at the vegetative polo directly
opposite that where the polar globules are located, i. e. the blastopore
at this period occupies a position corresponding to the ceutre of the
vegetative half of the egg.
 The "landmarks" which assist in the orientation of this stage are :
(1) The two lateral masses of mesoderm, now in continuity at the thick-
ened region anterior to the blastopore, but separated posteriorly in the
mid-dorsal region, where the ectoderm and entoderm retain their primi-
tive contact. (2) The posterior region of the mesodermal bands, which
marks the level of the posterior margin of the blastopore. Theso lie at
the smaller end of the embryo. (3) The lateral projections, which may
well be called "velar" projections, for they occupy a position similar to
that of the velum in Planorbis. The cells of this region are also some-
what larger than those of the surrounding ectoderm (Plate VIII. Fig. 57).
Owing to their constancy and prominenco they are a valuable aid in the
orientation of the embryo.
 At a stage succeeding this, represented in sagittal and transverse sec-
tion respectively in Figures 56, 57 (Plate VIII.), a considerable trans-
formation has been effected. The whole embryo has increased somewhat
in size, owing to the growing vacuolation of the entoderm. The velar
projections still persist and serve to emphasize the difference between
the anterior and posterior ends of the embryo, as before ; but the rem-
nant of the blastopore no longer occupies a median ventral position; it



is found at the posterior end of the embryo, Figure 55 (Plate VIII.).
The relation of this to the preceding stage is a matter of considerable
importance, owing to its bearing on the question of the fate of the
blastopore.
 It is with considerable hesitancy that the consideration of this per-
plexing question - the fate of the blastopore - is undertaken, for I
cannot bring forward to support my conclusions the decisive evidence
that can be offered in other forms, e. g. Umbrella. Thero are in Limax
no definitely fixed and prominent landmarks, such for examp]e as the
anal cells of Umbrella. The germu layers themselves are not sharply
differentiated from ono another by the size of the cells, and the wholo
matter is further complicated by the existence of the recurrent cleavage
cavity, the beginning of the vacuolation of the entoderm, and the
development of the head vesicle, all of which contribute to profoud.
changes in the external form of the embryo.
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   Such evidence as thero is seems to lead to the conclusion, that the
 orifice at this later stage, though posterior in position, is derived from
 the mid-ventral opening - the anterior end of the blastopore of an earlier
 stage - by a backward overgrowth of the anterior and lateral margins
 of that opening, the posterior lip of the blastopore being regarded as
 fixed, so that the remnant of the blastopore cornes to occupy a position
 corresponding to the posterior lip of the blastopore of the earlier of these
 two epochs. If this is tho case, we should expect to find intermediate
 stages showing steps in this overgrowth. The earlier stage, Figure 51
 (Plate VIII.), shows some trace of it, for the pit of invagination bas an
 antero-dorsal direction, i. e. in a ventral view the anterior lip of the
 blastoporo somewhat overhangs the deeper portion of the invaginated
 layer, wlcreas the posterior margin rises obliquely to the level of the
 ectoderm. This overgrowth is accompanied by an accumulation of
 mesoderm in the anterior region. Although I have examined hundreds
 of embryos of about this stage, many of them killed especially for the
 determination of this question, very few good illustrations of this over-
 growth have been observed. Figure 53 (Plate VIII.) is a postero-
 ventral view of such a stage, showing the thickened auterior end with
 its velar projections. Occupying the mid-ventral region is an elevation
 which overhangs the site of the mid-ventral blastopore, whose posterior
 region is now marked by a trough-like depression. Figure 54 (Plate
 VIII.) is a nearly sagittal section, slightly oblique, through another egg
 of such a stage, showing the overhanging anterior lip and its contained



 mesoderm cells. Owing to the obliquity of the section the contact of
 the ectoderm and entoderm in the mid-dorsal region is not shown in this
 section. That such an overgrowth as I have suggested takes place is
 also shown by the conditions found in the later stage itself.
 Figures 56 and 57 (Plate VIII.) show that the dorsal wall of the archen-
 toron is much more vacuolated than the more recently formed ventral
 wall. They also show that there has been an accumulation of the meso-
derm in this ventral region, and that the cells of the ectoderm are
smaller in the ventral than in the dorsal half of the embryo. All of
these facts seem to point to a more rapid growth in this mid-ventral
part of the embryo.
  The conditions in tie mid-dorsal region are of considerable interest.
Assuming that the surface of contact between ectoderm and entoderm is
constant now, as it lias boon during gastrulation, except when it is inter-
rupted by the ephemeral cleavage cavity, we find that it no longer occu-
pies the mid-dorsal region, but is shifted about 45 toward tie anterior
 
 
b I I
 
 
-L Y
 
�

 
 
 

[Begin Page: Page 110]
 
 
 

 
 
 
 
 
 
 
 
110       BULLETIN: MUSEUM OF COMPARATIVE ZOOLOGY.
 
end of the embryo. This shifting is similar to that described by
Heymons ('93) for the velar field of Umbrella, and is perhaps homolo-
gous with the shifting of the troch in the trochophore larva.
 A prominent funnel-shaped opening leads into the archenteron ; in
the latest stages I have examined it still persists.  This is the region
where the anus is ultimately found, and I am therefore inclined to the
view that this remnant of the posterior part of the blastopore becomes
the anus of the adult; it certainly lies in the anal region.
 The mouth is formed at a later period by an invagination of the ecto-
derm on the ventral surface of the embryo. Figure 55 (Plate VIII.)
shows an embryo of a stage where the posterior opening leads into the
archenteron, and the development of the head vesicle has obliterated all
traces of the velar prominences. It will be seen that the ventral lip of
the opening is prolonged posteriorly. This is the pedal elongation, which
later becomes the podocyst. The shell gland arises on the dorsal sur-
face as an invagination, posterior to the level of the velar region. The



enlarged cells premonitory of the invagination are seen in Figure 57
(Plate VIII.).
  The conclusions to which I have arrived as to the fate of the blasto-
pore in Limax agrestis are directly contradictory to those of Fol upon
L. maximis. According to him the blastopore becomes the permanent
mouth. He seems, however, to have entirely overlooked tlie early stages
in the history of the blastopore. His Figures 1 and 2 (Plate XVII.-
XVIII.) represent stages in which the overgrowth of the blastopore lias
already taken place.  The polar globules in his Figure 1 have also, it
seems, been shifted somewhat, for they lie at the anterior end of the
embryo. Furthermore, it is impossible to reconcile his Figures 3 and 4
with his later stages, e. g. Figure 7. It seems nmch more probable
that what he calls the mouth in Figures 3 and 4 is tlie anus, and that
his shcll gland is in reality the oral invagination.
  In concluding that the anus is formed from this persisting posterior
part of the blastopore (actually or potentially), my conclusions :agree
with those of Biitschli ('77), Lankestcr ('76), and lilochminann ('83) upon
Paludina.  Although thi anus can thus be referred to tlhc posterior
region of the blastopore, it is not so certain, owing t tthe pccnliahr miii-
ner in which the anus is formed, that the mouth corresponds to tlie
anterior part. It seems probable that in this case the mouth must bc
regarded as an entirely new structure.
 
  CAMiDcauoE, MAss., May 1, 1891.
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                         ADDENDUM.
 
 Since the completion of the preceding pages, Crampton's paper on
Reversal of Cleavage in a Sinistral Gasteropod (Annals N. Y. Acad.
Soi., Vol. VIII. pp. 167-169, Plate V., March, 1895) bas been received.
Crampton has followed the cleavage of Physa heterostropha through
the twenty-four-cell stage, and a reversal of the direction of the spiral
is indicated for every cleavage.
 
  ANN Annon, MicI., June 24, 1895.
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               EXPLANATION OF TuE PLATES.
 
 
 
 
 
 
 All figures were drawn from the eggs of Agriolimax agrestis, L., and are from
preparations unless otherwise stated. A camera lucida was in every case employed.
 A, L, C, D, denote the first four cleavage spheres, A and B corresponding to
the anterior quadrants, B and C to the right quadrants of the embryo. For the



meaning of a, b, c, d, with their exponents, consult the explanation of the system
of nomenclature of cells to be found on pages 40-43.
 The first, second, and third cleavage furrows are indicated by the Roman
numerals I., II., III., respectively.
 Arrows are used to show the common origin of the cells thus connected, the
head of the arrow occupying the cell nearer tlie animal pole of tlie egg.
 
 
 
                           ABBREVIATIONS.
 
 
Archenteron.
Astroceil.
Blastopore.
Anterior end of blastopore.
Posterior end of blastopore.
Cleavage (or segmentation)
 cavity.
Cells destined to form tlie
 shell gland.
 
 
/lb. pol.
pd.
pr'. c. ane.
pr'j. vel.
spa. i',l.
spa. lIs.
vac.
vs. ce.
 
 
Polar globule.
Foot.
Amcboid process.
Velar projections.
Intercellular space.
Lenticular space.
Vacuole.
IIead vesicle.
 
 
arch.
ast'ce'l.
bl'po.
bl'po. a.
bl'o. p.
cav. Sg.
 
coch.
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KosOIn. - Development of Limax.
 
 
                                 PLATE I.
 
            Figures 1 to 7 drawn from the sanie living egg. X 275.
Fig. 1.  Two-cell stage, beginning of flattened condition, 11.52 A. M.
Fig. 2.  Same egg at 12.45 P. M. First trace of cleavage cavity.
Fig. 3.  Same egg at 12.50 r. M.
Fig. 4.  Saine egg at 1.01 . M.
Fig. 5.  Saine egg at 1.20 p. M. Maximum size of cleavage cavity.
Fig. 6.  First (partial) expulsion of contents of cleavage cavity. 1.30 P. M.
Fig. 7.  Sanie egg at 1.55 p. M. Spindles of the third generation present; the
            asters of the near ends of the spindles in focus.
 
 
      Figures 8 to 13 drawn from another living egg of the sanme laying as
                          Figures 1 to 7. X 275.
 
Fig. 8. At 3.45 p. M. Division into four cells completed. Typical alternate
            arrangement of the four blastomeres. Viewed in the direction of the
            second plane of cleavage, tierefore perpendicular to the direction of
            Figures 1 to 7.
Fig. 9. Same egg at 3.655 . M. Formation of a cleavage cavity.
Fig. 10. Same egg at 4.05 P. M.
Fig. 11. Maximum development of the cleavage cavity. 4.35 p. M.
Fig. 12. Same egg after a gradual total expulsion of the contents of the cavity.
            4.45 r. M. Spindles of the fourth generation present.
Fig. 13. Formation of the eiglit cells of the fourth generation. Persistence of the
            cleavage cavity. 5.45 P. M.
Fig. 14. Lateral view of two-cell stage. First cleavage plane just completed.
            Astrocoels present. X 400.
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                                PLATE II.
 
                      Ail figures magnified 490 diameters.
Fig. 15. Two-cell stage from animal pole. Spindles of the third generation pres-
            ent. No cleavage cavity. Deeper ends of the spindles (asters of B
            and D) shown by lighter lines.
Fig. 16. Four-cell stage from the animal pole. Second cleavage furrow almost
            completed. Cleavage cavity and lenticular spaces present.
Fig. 17. Four-cell stage from the animal pole. Cleavage cavity present. Spindles
            of the fourth generation.
Fig. 18. Same egg from the anterior end.
Fig. 19. Eight-cell stage from the animal pole, composed of the two quartets of
             the fourth generation, a41-d41' and a4'2-d4"2. Third cleavage
             plane just completed. Astroceels present.
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                                 PLATE III.
 
                      All figures magnified 490 diameters.
 
Fig. 20. Eight-cell stage from the anterior end. Cleavage cavity and lenticular
             spaces present. Spindles of the fifth generation.
Fig. 21. View of the same egg from the animal pole.
Fig. 22. Sixteen-cell stage viewed somewhat obliquely from the right anterior
             quadrant, composed of the following cells: a5.1-d5"1; a52-d6'2;
             a5.-3 d53; a a and aS- d5*. Cleavage cavity present.
Fig. 23. Lateral view of twenty-four-cell stage. Recent division of quartets
             resulting in 6.1, 6.2, 6.3, 6.4. Vacuolation at the animal pole.
Fig. 24. Oblique section of same egg. Fifth section in a series of twelve. Inter-
             cellular spaces at the animal pole.     Cleavage cavity present.
             x, longitudinal section of intercellular space.
Fig. 25. Seventh section in same series.
Fig. 26. Transverse section of an embryo of about one hundred cells, showing
             vacuolated condition of all three germ layers.
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                                PLATE IV.
 
                     All figures magnified 490 diameters.
Figs. 27-30. Twenty-four-cell stage, composed of the following cells: a54 -d64*;
            a6.5 - d•a ; at.4 d•*; a- - d0 ; a2 - d ; a2d;   u0_1-d1.
Fig. 27. From the vegetative pole.
Fig. 28. From the animal pole, showing vacuolation.
Fig. 29. View of the right posterior quadrant (c). Vacuolation of the animal
            pole.
Fig. 80. Optical section along vertical axis cutting the quadrants b and d.
Figs. 31, 32. Twenty-four-cell stage, similar to the egg shown in Figures 27-30.
            Division of the quartet 6.2.
Fig. 31. View of the anterior end. Spindle in bl'2. Polar globule present.
Fig. 32. Same egg from the vegetative pole. Spindles in b-'2, c6"2, d6'2.
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                                 PLATE V.
 
Figs. 33, 34. Twenty-four-cell stage, composed of the following cells : a5.4 - d-;
              a5.3d_ .:38; (a''4d_ d6.4  ; a68_ d(6.8; a-2-d .2; a6-1 -d6.1
Fig. 33. View of the left posterior quadrant (d) from below. X 490.
Fig. 34. Optical section of egg shown in the preceding figure, and in the plane of
          the paper, showing the riglit anterior hemiisphere from the inside.
          Large cleavage cavity present. Amoeboid process (pr'c. amce.) on the
          cell a"2. X 490.
Fig. 35. Twenty-eight-cell, stage composed of the following cells:- a.4 and
         b6.s c6.8 d.i.
         96.7' cs.7' d 5 ;  a"-.3-d5'. ;  a'6 -d6 ^  a6.4; -d6 6 . ;  a(s"', bc'.2, c ,  d.2;
         a6-1-d"'. View from the animal pole. Division of tlie quartets 5.4
         and 6.2. X 510.
Fig.36. Twenty-five-cell stage, composed of ae.4,  , c5'4, d5^; a5-3-d5.3; a<.4
         d'••; 6j.3 _ d".3; a6'2 -d"2 ; a0.:- d61. View of the animal pole. Divis-
         ion of a•'-d'*.. Spindles in c5.*, c6-.. X 510.
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                                PLATE VI.
 
Figs. 37, 38. Forty-cell stage, composed of the following cells :-
          6.8- d68; a6.7- d6o7; a6.-d66; a6U.-d ;6; 64 _d.4 ; at-3_d6.3 ; a7.4-



          d74; a7.a-d7.3; a7.2-d?.2; a7'- d71.
Fig. 37. View from the animal pole. X 490.
Fig. 88. View frorn the vegetative pole. Division of d<-2 about to take place.
          'The first mesoderm cell (d17'2= M) with a large nucleus lies beneath its
          sister cell, d71, only a small portion of it (sladed very dark) coming to
          the surface. X 490.
.Figs. 39, 40. Forty-two-cell stage, composed of the following cells:-
                              a6.C b6.6    d6.6
         a6.s-_d6.; as.7-d.7; a,     6' c'J'd. .; (-'3s-d7." ; ca7 -d~.7; a6.3-
 
         d*  ; a7.4 -d7.4; a7.3- d7.; a7' - d7-2; aT71- dT.
Fig. 39. View of the animal pole. Division of b5'3 into b6'5 and b8'6. Vacuolation
         at animal pole. X 490.
Fig. 40. View of the vegetative pole of the same egg. X 490.
Figs. 41, 42. Forty-five-cell stage, composed of the following cells : -
         a6 8- d•S; a6. 7-d-7; a0.6 - do.; a 6 - d'56 ; (78 d- 7; a77-_d7.7; a'"3,
         t, o   ,d-3 ; a74-d74; a7-. - d7.; a72 -p7.2; a7. - d7.1.
 
Fig 41. View of the animal pole. Recent divisions resulting in a6"5, a6'6, and c75,
         c7-'. X 490.
Fig. 42. View of the vegetative pole of the same egg. X 490.
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Kosrom. - Development of Limax.
 
 
                                PLATE VII.
 
Fig. 43. Young gastrula, seen from the posterior end, showing the broad shallow
          blastopore. X 300.
Fig. 44. The same, viewed from the ventral surface. X 300.
Figs. 45-50. Sections of gastrula stage. Mesoderm cells shaded dark.
Fig. 45. View of the posterior face of the ninth section from the posterior end in a
          series of nineteen transverse sections, showing broad posterior portion
          of the blastopore. X 350.
Fig. 46. View of the posterior face of the fifteenth section in the same series, show-
          ing the deepened anterior end of the invagination. X 350.
Fig. 47. View of tlie right face (animal pole uppermost) of the eighth section in
          a series of sixteen sagittal sections through a blastula containing eighty
          cells, showing mesodermal pole cell and cleavage cavity. X 350.
Fig. 48. View of the lef face (animal pole above) of the eighth section of a series
          of twenty sagittal sections of an early gastrula, at about the stage of
          Figure 43, showing cleavage cavity and the mesodermal strand of the
          left side. X 850.
Fig. 49. View of the left face of the tenth section of the same series, showing at the
          right the mesodermal pole cell of the left side. X 350.
Fig. 50. View of the left face of the eleventh section of a series of seventeen
          sagittal sections through an embryo of about the stage of Figure 43,
          showing the mesodermal strand of the left side. A. Anterior; P. Pos-
          terior. X 850.
 
 



_;;,., ..~~.. _..,,...,.._I-,.~.~-~-~-~~--.~~~ ...;,..~~.~~~
 
�

 
 
 

[Begin Page: Plate VII]
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  <r) ; .
t:::
 
 
r.
 
      T'
 I,;4$'
 
 
t'<
 
 
      il
 
. ,  z .
 
\ . 32   -
 
 
S;
 
"^B ,,
 
 
S    ...
 
 
 
 
 
 



 
 
 
 
 
Z: 'i S> ,.N
 ". i *  , : "
 
    .. - , ... - .>
  ' " <' '" • 'I '  ...
  i II,•
 
 
rR--."
     I.;;    i:-.
 
�

 
 
 

[Begin Page: Text]
 
 
 

 
 
 
 
 
 
 
 
 
KorFOD. - Development of Lirmax.
 
 
                               PLATE VIII.
 
Fig. 51. View of the ventral surface of a gastrula, showing blastopore and velar
          projections. X 350.
Fig. 52. View ofthe anterior face of the eleventh section from the anterior end in a
          series of nineteen transverse sections of an embryo of tlie stage of
          Figure 51, showing blastopore and velar projections. X 350.
Fig. 63. View of the posterior ventral surface of a gastrula somewhat more ad-
          vanced than that represented in Figure 51. X 300.
            NOTE.-A defect in the slading causes tlie floor of the median
          groove (bl'po.) to appear elevated into a ridge. There is no such ridge.
Fig. 54. View of the left face of the seventeentl section in a series of obliquely
          sagittal sections of an embryo of the stage of Figure 53, showing cleavage
          cavity at the posterior end of embryo. X 850.
Fig. 55. View of the ventral surface of an embryo more advanced than that scen
          in Figure 63, showing development of the cephalic vesicle and tl e foot.
          X 490.
Fig. 56. View of the right face of the tenth section of a series of twenty-three
          obliquely sagittal sections of an embryo with blastopore in tlie poste-
          rior position. X 850.
Fig. 57. View ofthe anterior face of the eighth section, from tle anterior end, of a



          series of sixteen transverse sections, showing arclienteron, tlie velar
          ridge and enlarged cells (cnch.) in the region of the future shell gland.
          X 300.
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